DESCRI PTION [Titl e of Invention] RECORDI NG MEDI UM REPRODUCTI ON DEVI CE, AND
| NTEGRATED CI RCUI T 5[ Techni cal Field] [0001] The present invention
relates to a technol ogy for stereoscopic, i.e. three-dinensional (3D),

vi deo pl ayback and especially toDk? q*%éﬁéﬁion of a video streamon a
recordi ng 10 nmedi um [ Background ?F In recent years, general

interesp[5@t§g XEQ%BVgﬂﬁigg n 15 increasing. For exanple, anusenent park
attractions that incorporate 3D video i nages are popul ar. Furthernore,

t hr oughogt -bBB TREUMD Yum t *ﬁéﬂﬁﬁ%ﬁ'&'fg&q :Eﬁﬁﬁé?ﬁﬁ%%@%ﬁ@tcﬁg@ jes is

increasing. Along with this increase svel opnent
of technol ogy that enabl es playback 20 of 3D video inages in the hone has

al so been progressing. There
5 [Technical Field]

[0001]

The present invention relates to a technology for
stereoscopic, i.e. three-dimensional (3D), video playback and
especially to the allocation of a video stream on a recording

10 medium.

[Background Art]
[0002]
In recent years, general interest in 3D video has been
15 increasing. For example, amusement park attractions that
incorporate 3D vid_eo images are popular. Furthermore,
throughout the country, the number of movie theaters showing
3D movies is increasing. Along with this increased interest in
3D video, the development of technology that enables playback
20 of 3D video images in the home has also been progressing. There
is demand for this technology to store 3D video content on a
portable recording medium, such as an optical disc, while
maintaining the 3D video content at high image quality.
Furthermore, there is demand for the recording medium to be
25 compatible with a two-dimensional (2D) playback device. That
is, it is preferable for a 2D playback device to be able to play
back 2D video images and a 3D playback device to be able to play

back 3D video images from the same 3D video content recorded
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is demand for this technology to store 3D \)i deo content on a portable
recordi ng nmedium such as an optical disc, while maintaining the 3D video
content at high image quality. Furthernore, there is demand for the

di to .he 25 ti.b t d | (2 | ayback
sec s, SIS atSaipeR RS LR, Ll ABSR ol 2
I b 2D vid 3 b d t le t I back
BD i dadd n%géén?%’%hf-”?ﬂifsgﬂsy%scg B it S0, 9207 SHth 3 %o i ng
Ted u Sl R BREdevce La 91300 faganvenlonal Pl ayback
devi ce tHatcarn onl e 2

y nDnoscoplc Vi vi'deo

Lﬁ?eiaﬂ%’%?aéﬁ%ﬁ;%%&%ﬁxa% ﬂae&?é%gﬁgﬁatﬁ%%y%%"éégﬁ%%&@f e can'
al so pI %ﬁléozgné(gggo Ihcg@@etﬁi t[ 99 %t]éneral a. 3']::! %la ac§: ae§%e?r@éﬁc

di agra l'ustrating the techn ogy r ensuring the conpati ity of an

opti cal |§&§;ﬁ§;tﬁydwgzﬁqlvdé@qnp%fgsent with 2D pl ayback devices (see
Patent Literature 1) . An optical disc 6301 stores two types of AV (Audio

Visual) sddesy mflles One of these files is a 2D/left-view streamfile, and
the other is a right-view streamfile. The 2D/l eft-view streamfile

contains a 2D/Rief! - ¢iewigt r ganscheddt 18D dedgrahevislneerticigpresgats a 2D
video image to be shown to the left eye of a viewer during 3D playback,

i.e. a "dtedinoieyy FduEmGirdblagbaskpathbs 1stkeam aansptiva®sdise 2D
video image. The right-view streamfile contains a right-view stream A

"ri gbt - ey isid saniritepr esatkat aw2h D@l ayitegdk tevi@elke (shewpatent he ri ght
eye of a viewer during 3D playback, i.e. a "right-view." The left and right
vi deo sthircamathavel) hArsapeitrankt gaé 20 bwtadidd ewertygaesfiVal Aodidi nmes
shifted fromeach other by half a franme period. For exanple, when the franme
rate of Emiml) detorsdamefilés. 2dnér affeshpee fedesd,is he 2DAheSt oviewe
stream file, and the other is a right-view stream file. The
2D/left-view stream file contains a 2D/left-view stream. A
15v "2D/left-view stream" represents a 2D video image to be shown
to the left eye of a viewer during 3D playback, i.e. a
"left-view." During 2D playback, this stream constitutes the
2D video image. The right-view stream file contains a right-view
stream. A "right-view stream" represents a 2D video image to
20 be shown to the right eye of a viewer during 3D playback, i.e.
- a "right-view." The left and right video streams have the same
frame rate but different presentation times shifted from each
other by half a frame period. For example, when the frame rate
of each video stream is 24 frames per second, the frames of the
25 left-view and right-view streams are alternately displayed
every 1/48 seconds.

[0004]

As shown in Fig. 63, the left-view and right-view stream
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25 left-view and right-view streans are alternately displayed every 1/48
seconds. [0004] As shown in Fig. 63, the left-view and right-view stream
files are divided into a plurality of extents 6302A-C and 6303A-C
respectively on the optical disc 6301. Each extent contains at |east one
GOP (gr dupt®t pretdissfedniafo & rRErIbyeY hef ARt SRS ¥dc.
Hereinafter, the extents 5 belonging to the 20| eft-view streamfile are
ref er r eIV AL "TRIREGH NG Bkt Sht 51 gRG 1AL St Yel oifh e ¥ bthe

right-view streamfile are referre&qto as ! ht - vi ew e n

r { ent . " The
oPt v A TR Bt demac i W i e Braed) eibil Oy pead
| t t el d t k 6301A of t ti | 10 .di 6301. Each t
20 scontagn i EE s At i St e i stne HeSa0SEeE04E AR cam
| h qf | b ti . h t _of tent i f t
O e Be BRSPS O R L L e 10 o

arr angerenle O, 2y eaardlng edi g apgsed ot | 8:3Byidge 18 plgyback and

2D vi deo Tnmge aybac as descCrib From anong t he

extents f:ﬁ@%g@%ﬁgtkgggﬁgéﬁed{%ﬁe 0d £ Pagl 'M%‘%vﬂ&‘é&&ﬁ%gwdf causes

an optica Ive to read only the Teft-view extents | 02A-C
sequent igdd y1EERI, 20yt NerSirid . 6 SEbRPENG Ad1e heading fydghbsVEgus ext ent s

6303A-C. Furthernore, an inmage decoder 6304B sequential |y decodes the
extents ¢agh by at-Be 0t e Of 8¢ rdhb¥e H3AALBL & 3 1i2ebE vHeWpt 1 agE 6306L.

In this way, a display device 6307 only displays |left-views, and viewers
canjvat cdy sWrgml1 .2Ba¥hdeko idmgRfent2 2kA@Of]s 6302a-6A03R, pPEaybackaderi ce 6305

causes a 3D optical disc drive 6305A to alternately read |eft-view extents

and ri ghindieaw2exisanis haom the opid cangdits 6 £680dybixpreased saghcades, the
extents are read in the order 6302A, 6303A, 6302B, 6303B, 6302C, and 6303C.
Fur t her rresndemantaneotig dheeritead iextenferrédos® bakorgi ngnteribaved

2D/l eft-view streamare supplied to a |l eft video decoder 6305L, whereas

t hose baewramngemdnt { heroupght ofi eywxtiersts eanrardesuppl i@ totarileghedvi deo
decoder 6305R The video decoders 6305L and 6305R alternately decode each
vi deo stawoamgenentvi e fremesd 539ohe@dndm 6806 R1sedsbethi usl $D #ideaoresul t,
left-views and right-views are alternately displayed on a display device
63085 | reEykaclomndtiDrivided imrgevplanbagkef agodereribedsbbyowhe di spl ay
devi ce 6308, shutter glasses 6309 cause the left and right |enses to becone
opaque al@@¥mhtely. Therefore, a viewer wearing the shutter glasses 6309

sees the views displayed by the display device 6308 as 3D vi deo i nages.
[ 0007] From among thé extents recorded on the optical disc 6301,

a 2D playback device 6304 causes an optical disc drive 6304A
to read only the left-view extents 6302A-C sequentially from
20 the start, skipping the reading of right-view extents 6303A-C.
Furthermore, an image decoder 6304B sequentially decodes the
extents read by the optical disc drive 6304A into a left-view
frame 6306L. In this way, a display device 6307 only displays
left-views, and viewers can watch normal 2D video images.
25 [0006]
A 3D playback device 6305 causes a 3D optical disc drive
6305A to alternately read left-view extents and right-view

extents from the optical disc 6301. Expressed as codes, the
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15When 3D video content is. stored on any recording nedium not only on an
optical disc, the above-described interleaved arrangenent of extents is
used. In this way, the recording nmedi umcan be used both for playback of 2D

vi deo i mages and 3D video inmages. 20[Citation Li s%&épatent Literature]
[0008] [PHETIS SaparRAL P enOTRST 6585807 S5 ShiaRy o0 EnvEAbPoN]

Techni cal _ Probl 0009] As sh in Fig. 63, wh 2D vid i
o il PESPLET LOONEL A8 shan, nELS, 5, A0SD 20 ko Limges are
di dri 6304A f ", at h di t i ght
05 TS SE0UA RLTLT™. LWBL &) SPELpReL LB IS, Lor ! e

di f.d f di . -5 _Duri t he | .iod, si
ea0119 o 8ia Lgh LO5SE, RO R0, SRS, (UG LUERORELS, e
2D playback. dev.ce 5304, dhecanunt, of  dala sLoled i e DL gt gdger eases

as processing progresses 1 n the video decoder re, rn-order to
seanl es aCi 2Dy I . t size, of
each of Sc%%ce&{i@g% Vi esv%v' gé@ﬁ?gkgg%giggﬁ%ggggoﬁ%é%% eequa vtl(;&egr gg%é%?er t han

Egglgi 2&; @lo Wil gdh iR ¥RE8L LAW £966RE PLEVEN Ak ANI 10 5t el yEp period.

left~views and right-views are alternately displayed on a
display device 6308. In synchronization with the switching of

10 the views by the display device 6308, shutter glasses 6309 cause
the left and right lenses to. become opaque alternately.
Therefore, a viewer wearing the shutter glasses 6309 sees the
views displayed by the display device 6308 as 3D video images.
[0007]

15 When 3D video content is stored on any recording medium,
not only on an optical disc, the above-described interleaved
arrangement of extents is used. In this way, the recording
medium can be used both for playback of 2D video images and 3D
video images.

20 [Citation Listl]

[Patent Literature]
[0008]
[PTL 1]
Japanese Patent No. 3935507
25 [Summary of Inventionl]
[Technical Problem]
[0009]

As shown in Fig. 63, when 2D video images are played back
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On the other hand, when 3D video i mages are played back 15 fromthe sane
extent groups, none of the right-view extents 6303A-C can be read whil e one
of the left-view extents 6302A-C is being read. Therefore, at this tineg,
the amount of data for the right-view extents 6303A-C stored in the buffer
in the FAFP HBEEK dEOIRE BROF daesdsmy el agrapassieny pEbgrersesaln the 20
ri ght video decoder 6305R Conversely, while one of the right-view extents
6303A- CH S DY S 63942 RETARBUAL 2 of I WER A Floreadhe rEEPEAINEWAERRHPE 6302A- C
stored in the buffer decreases as processing prqogresses in the |left video
decoder EHROBLINFHEF A E3PRPoFdefhRto 1Seahhe SV CoilaS I PRACK 13D §3 8D i nages,
25 the si.ze of each of the _extents 6302A-C and 6303A-C needs to be equal to
or great¥rRhaVthet e L2 e §atR %?O"brfé"‘q%er%?o%‘}%%%t%r%?t not be

depl gt whi | he, ot her _t f t i §_bei d. Q011] T
or mbr & TN 7T EHE PRGNECT Ll S ROCAr b PRCORBRC bR e
2D/ | ef t -\ t ' di I p_thi . b I i

i1 or orts G RE. SFQUE B d S PROERE ! ot 2D A i e A oS0 Py back

di ' 1 R a3 S0 B ayback
i spari (1 APPSR B8R e BLAYSHCNS S KLERR: B3l ek rafbERtaY 2 Vi voo

stream éd;&%%ffsfg%%@f %&%%Y&Q%Pdé@o' QPQ%%/?%? 5 e 8RN map, 8&»&89”{%‘33” al so

be stor e recording nedium Such 0 1 nages represent 3D video

I mages @é’in%‘és@lf@l%y@é%@ BStclo 2RaBkS! U fe Y £ dRegHept %éggl? stream

i ncludes a depth map for each frame 1n“the 3D video 1 nmages. A R map

repigsendisz &, denddcwbrt bge A pH-d8Q W BRIBH Al PRSAL d BcRbel o 33 cQpRpared to
the 2D picture plane. A 3D playback device can play back 3D vi déo 1 nages by

const r uaid NG Yredma=on tole &ilRf htVieWest bagfeandnackEdBl- ¥hgWHat ream
froma conbination of the video streamand the depth map stream Here, the

above- ngitdaneck @ lefig Wieaw Bl ase€addbe used as the video 20 stream
representing the 2D video images. In this case, in addition to the

2D/l ef t-m@EMoIstream and the right-view stream a depth map streamis
recorded on the recording nmedium [0013] In the above-descri bed ways, when
in addition t®mtiiengkte25handbhi waen 3D ofidesd tinsecks iaglet plaged Bhtkans,
anot her video
15 from the same extent groups, none of the right-view extents
6303A-C can be read while one of the left-view extents 6302A-C
is being read. Therefore, at this time, the amount of data for
the right-view extents 6303A-C stored in the buffer in the 3D
playback device 6305 decreases as processing progresses in the
20 right video decoder 6305R. Conversely, while one of the
right-view extents 6303A-C is being read, the amount of data
for the left-view extents 6302A-C stored in the buffer decreases
as processing progresses in the left video decoder 6305L.
Therefore, in order to seamlessly play back 3D video images,
25 the size of each of the extents 6302A-C and 6303A-C needs to
be equal to or greater than the size at which data for one type

of extents will not be depleted while the other type of extents

is being read.



streamis recorded on one recording nedium three or nore types of extents
are arranged in an interleaved manner on the recording medium Therefore,
when 3D video inages are played back from such extent groups, the optical
di sc drive p%rforms a junp at each recording area for the extents that are
not targ@( for playback, as it does during playback of 2D video inages.
As a result, |n order to seanl essI% g}‘lt back 3D video 5 imges,_the size

of each extentI"e8Y"YiF l?érféfﬁl}z%ntt g?’éﬁ‘(’e‘?’t]f?%fﬁsﬂ?é”é’?z”ee%ﬁrm

buf f er der f Iow or, d an of data for one t he exte can be
ool ded T P OBl 2R RS et Lot By fed i v S S oned
cases, if the .each uf fer | ow and

t he I| ke Zan bgi’a\fm“{?é&unlgf e%hggﬁﬁré%t 5%% Vd‘(?%lea? earﬁ%vﬁ\}gsr ftr]? is
O fbouliedo (i) DRLRET 8°35 G ETREILN B (Lhe BT Shap S ot

preferab ,_as 1t makes'’i hérreduce

of the ﬁéféﬂf%%kv:‘?&&é%‘?n Ul &Rtin“cﬁ{@@ér 1?9%%%&&311‘&138&8@5%91:98§tf &P015]

An obj ect the prese invention TS o provi recordi ng Tedl um havi ng

two or e ssérﬁee%édxlﬁq%v‘?@ er20 thereon in a nore appropriate

arrangenment so as to reduction in the buffer capacity of a
pl ayback;ggmiice wi thout causing buffer underflow to occur. [Solution to
Probl enj 25[0016] On a recording medi um according to the present

invention, a basembhawrsbheaMd iligedndt fcdRPae HeptRUrsly o8 {hde are
recorded. The base-view streamfile is used for nonoscopic video
10 images and a "depth map stream" can also be stored on the
recording medium. Such 2D video images represent 3D video images
projected on a hypothetical 2D picture plane. The depth map
stream includes a depth map for each frame in the 3D video images.
A depth map represents a depth of the 3D video images at each
15 pixel as compared to the 2D picture plane. A 3D playback device
can play back 3D video images by constructing a combination of
a left-view stream and a right-view stream from a combination
of the video stream and the depth map stream. Here, the
above-mentioned 2D/left-view stream can be used as the video
20 stream representing the 2D video images. In this case, in
addition to the 2D/left-view stream and the right-view stream,
a depth map stream is recorded on the recording medium.
[0013]
In the above-described ways, when in addition to a single
25 combination of left and right video streams, another video
stream is recorded on one recording medium, three or more types
of extents are arranged in an interleaved manner on the

recording medium. Therefore, when 3D video images are played
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pl ayback. The dependent-view streamfile is used for stereoscopic video

pl ayback in conbination with the base-view streamfile. The recording

medi um further includes a contiguous area in which a plurality of base-view
extents belonging to the 5 base-view streamfile _and a plurality of
dependelack &xoBxFEARSCHEEBRFTRYRD (tHe FBbeRdentlFF et $Y¢ RERTITES are
arranged in an interleaved mapnner. Alower |imt of a size of each

base- vi év BRIRML | 2 | BRRFILRe 3Fea fPrsthfoftontd Rl dFamPa sécond
|l ower limt | ue. The f] | ljmt | is det i 10, t hat,
rmnoscob?acrsﬁv%é%%ﬁrﬁgﬁé(k%gkuf%%Irelr%r‘#&g%% Id\él)%lg%e!?iﬁéf a%i?(r:nﬁge%ﬁ‘él ?O%ybgck "
devi dur i | j.od f h b - Vi tent . t t.b -

ext ont . TIRISECHRAS BRI T At OF A et P CRTLTTR Hed & PR *Pry M%7 eoscopi ¢

i d | ayback, ff f.l d i I k devi 15
v deg PLARack. (Bl Let, Wikl o does o, sceie Laua mavbagicden ce 1e
tent. | j.m. t _of Y -yl i third
KN, APUBLa D SO RSk, 0k £ JEDETODL MO ELENL: L5y [ ¢

st er e0sqap Goyd gl Y ARk el VOS] | YL 88 digks ACCULH Mgl ayback

devi ce ng a perio a next base-view exten ter” each
depende e-ﬂ'cgy\{ extent. [Advantageous Effects of Invention] [0017] 25In the
above-descri bed recordi ng medi um according to the present invention, the
lower |ipdgsgfor the sizes of the base-view extents and the dependent-view
extents are clear. As a result, it is easy to appropriately design the size

of geach 8 ext®Nk130ot hade EitRVRUKESI icHRACEEY Bl thecnd aybackrdeyége can be
further reduced w thout causing buffer underflow to occur during playback

from t heetesat ding ifpdiyu Magigehoh FrerosedprE 1vwdaad Argesiradcahebeoscopi C
vi deo i mages. 5
avoided. If the extents are too large, however, it is difficult
to further decrease the capacity of the buffer. This is not
preferable, as it makes it difficult to further reduce the
15 circuit size of the playback device and to further reduce
manufacturing cost.
[0015]
An object of the present invention is to provide a
recording medium having two or more stream files recorded
20 thereon in a more appropriate arrangement so as to allow further

reduction in the buffer capacity of a playback device without

causing buffer underflow to occur.

[Solution to Problem]
25 [0016]
On a recording medium according to the present invention,
a base-view stream file and a dependent-view stream file are

recorded. The base-view stream file is used for monoscopic video
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[Brief Description of Draw ngs] [0018] Fig. 1 is a schematic

di agram showi ng a hone theater systemusing a recordi ng nedium according to
Enbodi ment 1 of the 10 present invention. Fig. 2 is a schemtic
dlagran1shomnn the data_structure of the BD-ROM disc shown in Fig. 1.

Fig. 3 iRlayke rmuTQ?ch@&P%ﬂﬁ%#EWW¥@W'nSFﬁ%%& thble i &8l uasddi nf®he i ndex

file shown in Fig., 2. 15Fig. 4 is_a, schematic diagram show ng el enentary
st reans %EFW%?%‘%I%’OC |V&%P%FV§FCKV1§t?%IF%‘FJeO%W tﬁelﬂPﬁsez"lew

Fig. 5is_a sc d|a .Showi arran of packets in each
el ement &ty SFF ki %5@3% 1P AL W fiF u@ﬁaﬁnwﬂtmw 20Fi g.

.15 2 sehersyy %nse@%dg&"u%aw%#mgé-;&;ewzéggea&gsoeiom Semghom |1
sche t|c d|a \gr am_show etal H? dat Slruc égeaéy thg Vi eo stream
sho VLT5Eeeg %1 Ha g s cdf af el el dfp 8
i o lgrhge ot sty e e loan ey 5 P
Sour ce pfﬁ%&hé‘@éf&é) n?‘a&ﬂ?éft . ?LOEVQ?‘ %%Ay of a size of each base-view
extent is a larger one of a first lower limit value and a second
lower limit value. The first lower limit value is determined
10 so that, in monoscopic video playback, buffer underflow does
not occur in a playback device during a jump period from each
base-view extent to a next base-view extent. The second lower
limit value is determined so that, in stereoscopic video
.playback buffer underflow does not occur in a playback dev1ce
15 durlng a read period of a next dependent-view extent after each
base-viewextent. A lower 1imit of a size of each dependent-view
extent is a third lower limit value. The third lower limit value
is determined so that, in stereoscopic video playback, buffer
underflow does not occur in a playback device during a read

20 period of a next base-view extent after each dependent-view

extent.

[Advantageous Effects of Invention]
[0017]

25 In the above-described recording medium according to the
present invention, the lower limits for the sizes of the
base-view extents and the dependent—viewl extents are clear. As

a result, it is easy to appropriately design the size of each
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streamfile shown in Fig. 5. Fig. 10 is a schematic diagram show ng

the data structure of a PMI. Fig. 11 is a schematic diagram
showi ng the data structure 5 of the part of the first clip information file
shown in Fig. 2 that is used as a 2D clip information file. | Fig. 12
is a scifeRANc s@ §REnTRARIRELY HARRR BB (HucPEr BLBYPAFFcART 2EE 17Ut e
information shown in Fig.. 11. Fig. 13A.is a schematic di agram show ng the

dat a stFﬁ%ﬁ%F%jEGT6deﬁ§deWFFP° pCEHEWATI RUEFET YRICKALOE (0 A%BIT s a

schematic di a homnn t he_source packets, .fro t he source packets
el udedUi A O IAREC A Lory £ FEFETCiRg: TERAUECSh POt RARRACNER EP | D

by the e schematic di agram show ng the

dat a Strlr}'(f{%?’ el“%??ﬁ a&‘%ﬁﬁ‘%ﬁﬁ?%‘?pqlﬁl‘éléeo iMageEi g 15 is a schematic

dlagganlshomnng the data structure of playiteminformati on shown in Fig.
14. Figs. 16A and 16B are schematic diagrams show ng the
rel ati owrln eP% ween qal ! ,Pac% 1§ect1 on%nspem fied by each piece 20 of

. SCrl .
pl ayite OF HBt] ON X 0 be tonnecte en the connection condition shown in

Fig. 15 jpdigates "5" and "6," respectively. Fig. 17 is a schematic
di agram show'ng the data structure of a 2D playlist file when the playback

pat h i ncl udes ggup- paths scﬁbglat:}t% dﬁgfrafld't'gfll bv?ﬂ@la RLAE K HUAQY é“caé:‘%@éetﬁ 2D

pl ayback 25 deviTce. st of system par ers stored

in the pi é(aﬁ':béglralﬁboﬁrégﬁdﬁﬂ'éc c_!t;ntg' @mbb8imEnd. 12Q:f Sthe
functional bl ock diagramof a systemtarge

10 present invention.

Fig. 2 is a schematic diagram showing the data structure
of the BD-ROM disc shown in Fig. 1.

Fig. 3 is a schematic diagram showing an index table
included in the index file shown in Fig. 2.

15 Fig. 4 is a schematic diagram showing elementary streams

multiplexed in the first AV stream file 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.

20 Fig. 6 is a schematic diagram showing the pictures in the
video stream shown in Fig. 5 in the time order in which they
are displayed.

Fig. 7 is a schematic diagram showing details of the data
structure of the video stream shown in Fig. 5.

25 Fig. 8 is a schematic diagram showing details of a method

for storing a video stream into PES packets shown in Fig. 5.
Figs. 92, 9B, and 9C are schematic views showing the format

of a TS packet and a source packet which constitute the 2D/AV

9



decoder shown in Fig. 18. Fig. 21 is a schematic di agram show ng a
physi cal arrangenent of extents on the BD-ROM disc shown in Fig. 2. Fig. 22
is a schematic diagram show ng the playback 5 process systeminside the 2D
pl ayback device shown in Fig. 18. Fig. 23 is a graph show ng the
change oftX¥¢RMaEElmsheed HatBidnount in the read buffer shown in Fig. 22
during a playback process period, of  an AV streamfile. Fig. 24 is
a tabl e show rfg-%nl8xkl eChemdhec ddagashshrying Bt WeéA FrRpcErSeances
and junp tines specified for BD- ROM di scs. Fig. 25 is a schematic

di agram d%ﬁ%%ran exanpl e of a physical arrangenment of extents when 2D

vi deo i mages are continuouslz glaged back from.,three different sections of

la_m ti %

an 15 AV stream%i f& T3 &F d1aqIgn SHENINIEEIS SEC3AT T UChBhEL i c

di ) i ng. the princi f i.c.video pl ayback
aceordi 1 107 BRANGE (g rAralta vrgamacion 151 BRgR, QPRE]

schemat ¢ ciagram shouing an,sxanple of 20, constpupling a | eft-view and a
right-viewfroma conbi nati on o vVideo I mges and a depth map.

Fig 28 i | . . . . . .
obi'ect and a B0 Gj St San L A B e B e
d i bedei 'Q%9§7 3 PG -Rk . ol ist files.

F?S?rEQQ?EI%ﬁ d&c artigﬁ%ﬁﬁng procé%%%gsh%gﬁfg?ﬁéé hﬁ%%lz ti;I:Sof 3D

video i mages imipeh8alady d RS q8aBkakl ditdwidd BnbGdte Btayeduback.
Fig. 30 is a schematic diagram show ng”an exanpl e of the structures of the

firspo playldd ithe ARE shewaesond Pl avl i ghafrig. showid B EbHemdtic
Fig. 31 is a schematic diagram showi ng an exanple of the 5 structures of
the firsdifhpahi sholihg ame tdwirdd rehekayki sterb enddiynchd Ebdrcé.
packets included in the first AV stream file, that are
associated with each EP_ID by the entry map.
Fig. 14 is a schematic diagram showing the data structure
15 of a 2D playlist file.
Fig. 15 is a schematic diagram showing the data structure
of playitem information shown in Fig. 14.
Figs. 162 and 16B are schematic diagrams showing the
relationship between playback sections specified by each piece
20 of playitem information to be connected when the connection
condition shown in Fig. 15 indicates "5" and "6, " respectively.
Fig. 17 is a schematic diagram showing the data structure
of a 2D playlist file when the playback path includes sub-paths.
Fig. 18 is a functional block diagram of a 2D playback
25 device.
Fig. 19 is a list of system parameters stored in the player

variable storage unit shown in Fig. 18.

Fig. 20 is a functional block diagram of a system target

10



Fig. 32 is a schematic diagram show ng anot her exanple of the structures of
a first playlist file and a 3D playlist file. 10Fig. 33A is a schematic

di agram showi ng the el enentary streamnultiplexed in the second AV stream

file shown in Fig. 2, and Fig. 33B is a schematic di agram show ng the

el enent ﬂ%ﬁ%‘i?’éaﬁgﬁ%‘mﬂfbl%d 1$-the third All streamfile shown in Fig. 2.
15Fig. 34is a schematic diagram showi ng the pictures included in the

| ef t - vi ew st r &2l andlt He® pPct IFREMITEF uFERILRT heRPYHRAT - i eRREEEEAM i n t he

time order in which they are displayed. Figs. 35A and 35B are schematic
di agr ansa%ﬁ?fbe’?th@%g}i‘%?%’f? o?fgh‘%e b%]P\'ABaIH 2¥3c ShovBTR HPochted to

each picture in the_base-view streamand the dependent-vi ew strea
Fig. 36 is a dctfematfctbi @r%ﬁ%‘%ﬁ%ggﬁﬁgr&& fqﬁﬂ?ﬂggutrk}ﬁiB aiﬁlf’anil{vi deo

s a Sotfematf i ¢ CERg AR £ ey deo
. St r GO SRR E T S A ST S PR (o5 SRR HOWE RS t bE- val e

of decode counters.allocated to _each picture in the se-yiew styream and
t he dependent r%ﬁ 'vvzgt %Lga%g%pgh. S%@Xllng ghgce%%%??co%?glﬁr%%:% %s\ﬁﬁgt he data

truct Ui e . e : 388 |
Scharat | Y SPRHESHA N R Tho Ut e eTF GELare o & DaBenGaA BV L eri p
mforrratg)ﬁgek%ééeperiod of an A\f,Fl %ﬁ]ée%%p\fgﬂg 393 are schematic diagrans

show ng ata b5 structure o meta data shown in Fig. 38A

Fig. 40A is a psgchesntis diaghanshphddd Qﬁaﬁi@%@ St et E%?a@ioﬁgﬁiﬁn”y map

for the dependerit-view clip information file shown in Fig. 3813, and Fig.
403 1i0s apsEhesmt §emgi a858EhsBaWaRE Hhend & Bhid HNSHEPi PEIQELS-t BE-REN shown

by an entry point and
discs.

Fig. 25 is a schematic diagram showing an example of a
physical arrangement of extents when 2D video images are
continuously played back from three different sections of an

15 AV stream file in turn.

Figs. 26A, 26B, 26C are schematic diagrams illustrating
the principle of stereoscopic video playback according to a
method using parallax video.

Fig. 27 is a schematic diagram showing an example of

20 constructing a left-view and a right-view from a combination
of 2D video images and a depth map.

Fig. 28 is a schematic diagram showing the relationship
between a movie object and a BD-J object, as related to the
playback of 3D video images described in an index table, and

25 three types of playlist files.

Fig. 29 is a flowchart showing processes, performed when

a title of 3D video images is selected, to select a playlist

file to be played back.

11



10 an extent on the BD-ROM di sc. Fig. 41 is a schematic diagram
showi ng an exanple of entry points set in the base-view stream and the
dependent - vi ew stream Fig. 42 is a functional block diagram
of a 3D playback 15 device. . Fig. 43 is a functional block diagram
of the plane ddder 3Qnis sKkeRematiy giaggam showing an epgePle4af g 443 are
schemati c di agrans show ng'the croppin rocessing by each of the first

t hr ough SHYE S Pt §heol pretersd:n 1%1gai$%l%r?6%t' gepgondplaylist  fjgs,
45A and 453 are schematjc di agrans respectively showing a left-view and a
ri ght - vifeW & i pds LDy <roppi ng processes shown in Figs. 44A and 443,

and Fig. 45C is, a schematic _di agram_showi ng the.resultin D vi_deo i nages
that the vi ewdrrP53ilslfIETE Ayggram showipg an E@calg‘??jf PaNtEF onal

bl ock di agram of the st t arget _decqd sho in Fig. 42 . _Figs. 47A and

473 i o ‘SOHGTHITES BTk e EHWAIGYAE t il EngbHe hEeOREAZ g BREF T e

ext en'[g Pﬂé)nsql—img%tfn %ggase%vi ew gtream fil engnd a dce)pendelnt - Vi ew s'?ream

file. _ 1'gs. and" 48B are schematic diagranms show ng the

[eLaLi onship BEeen e PLAURRGY st BY Gl Gkl 88 shigAmPeLagopytent and
i . ¢ : hel . Ft-vi

G cam 11 & TR S St Fean ] 6 s Ganth ap e PeReETTTer 1oF g

50 is a sghematic diagramshowing (i) the entry points set for a

combi nation Dn, Rn, and Ln of the nth extent anpbng the interleaved
arraggenent shewn G A2ARdaltlilc) dtia%rah\a)é%%&n@a&lhedamémantair?r rupt

pl ayback. Fig. is a schematic di agramshow ng t hé pl ayback
stream multiplexed in the second AV stream file shown in Fig.
2, and Fig. 33B is a schematic diagram showing the elementary
stream multiplexed in the third AV stream file shown in Fig.
2.

15 Fig. 34 is a schematic diagram showing the pictures
included in the left-view stream and the pictures included in
the righﬁ—view stream in the time order in which they are
displayed.

Figs. 35A and 35B are schematic diagrams showing the

20 relationship between PTSs and DTSs allocated to each picture
in the base-view stream and the dependent-view stream.

Fig. 36 1s a schematic diagram showing the data
configuration of a video access unit in the left-view stream,
ﬁhe right-view stream, and the depth map stream.

25 Figs. 37A and 37B are schematic diagrams showing the
values of decode counters allocated to each picture in the
base-view stream and the dependent-view stream.

Fig. 38A is a schematic diagram showing the data structure

12



15 process systemin the 3D pl ayback device shown in Fig. 42. Fi g.
52 is a graph showi ng the change of the accunul ated data anopunt in the
first read buffer when the 2D pl ayback device plays back 2D vi deo i nages
fromthe extent groups.shown in Fig. 49. 20Figs, 53A_ 53B, and 53C are

gr aphs $SHo#RFF1Yd Svhahye 16 e taceufil at é’éldgﬁ%%- aPSuht 3 FERAFead

buf fer when the 3D pl ayback device plays back 3D video i mges in L/R node
from t hé'SFER FrOUFYT HEuiatd FiEUUGir i Ys. 2 S2PeBdRNt PB4 e gr aphs
shomﬁng,ag%)chan e %; 25 the accunul ated data anount in each read buffer
when t het ﬁﬂ%ﬁéﬁﬁ: d&ri ce plays back 3D video i mages in depth mode from

th t ent i Fig. 49. .Fig. .55.i h j i howi
(he extent or s ShoMn 0610 A9 L S0k So2RENaIRL L, a0t am show o
t f fil : l.ef t-vi t fil dari =~ Vi t file,
(voes Ol L8 SOl SIS, 20 B ot ow stream 11,
i JLY I i i ng. j . i th of
LY caused > by vee Rk 1 gcedl oo Log e Bl avbacl path o

process ﬁé:th%? eﬁ@'rgr Q]% efdy fﬂﬂee 'dlegtenéieélt ~vifhf%1 1?)7£‘n§8g'ﬁ§}z_gggr ﬁh % aphs

show ng ange o he accunu e ata anount i n eac er when

a margi . d e ll'lOFh.ﬁeajjéj@,d difa e 2868 S YeHd@RSid h9BgkhBshowing Fi 9S.

58A and 58B are schematic diagrans show ng the relationship between a

section dp Whi1Gh i dHS i e tlcPadle isPNOEARWR bodaandnthe sBaAgEaRs the

B
accunul ated data anount in the first read buffer. 15Fig. 58 is a schematic

di agpamshaowichit he, arHangsment @fsd he extent groups in an interl eaved
arrangenent shown in Fig. 49 when an extent belonging to a file other than

the AV streamsiid.e4isd asaiieatht ¢ aibheatxdiodwigf eupsxatb s o6&hicand 60B
are graphs show ng the change of the
points set in the base-view stream and the dependent-view
stream.
Fig. 42 is a functional block diagram of a 3D playback
15 device.

Fig. 43 is a functional block diagram of the plane adder
unit shown in Fig. 42.

"Figs. 44A and 44B are schematic diagrams showing the
cropping processing by each of the first through third cropping
20 processing units shown in Fig. 43.

Figs. 45A and 45B are schematic diagrams respectively
showing a left-view and a right-view superimposed by cropping
processes shown in Figs. 44A and 44B, and Fig. 45C is a schematic
diagram showing the resulting 3D video images that the viewer

25 is made to perceive.
Fig. 46 is a functional block diagram of the system target

decoder shown in Fig. 42.

Figs. 47A and 47B are schematic diagrams showing the

13



20 accunul ated data anmount in each read buffer when a different nethod is
used to guarantee the avail able buffer capacity in each read buffer.

Fig. 61 is a block diagram showi ng the inner structure of a recording

devi ce according to Enbodi ment 2 of the present 25 invention. _ Fi gs.
62A, 62BIZANYBEDEE 3cAefatPt WugrhmntshSRilegIpngcEese AT TR at e
depth information froma pair of left and right pjctures by the video
encoder SH&AN il gndp dependent-vigy gream of skemati ¢ di agram showi ng
technol ogy to _ensure conpatibility of an optical, disc with 3D video content

recorded ther é3¥5wi t48% IS pteHLAER SFERSREL DRI RAV EMb o Frent s]

0019 . The follow d i b cordi di d | ayback
evi b TR DR UERTr e B HEP T CENEPROSAR SFAGBRLPSh wi ¢ h

f to th i ..10[.0020 Enbodi t 1] [0021 Fig. 1
;esghgggete}ftceo% a?g'féjt:ﬁ%\,’s%]g%lswaa %%JQLeat grl gggt em] u[si ng !31 recor di nlggrredi Iu?n
according to !Er_nbodi %e_rit 1 of tQ\e 15 Br.esent iﬂv%gti 0 he.l nOSF%.gi 1, the
recordi ng medi 167 € § FSQ&- 81r:ill§ Ilﬁ‘-gf"ﬂ%f1 gr'sd f’gDF, i P855 8D Rom di sc.
Th . : . I . . h
2s an ot Foarcl Gt 75 SRR s By PR LR AT BB E FRES PR T S

bl "ok . , . . h

e i s T

stores a{myie content as 3D video images. The honme theater center includes
a playback device 102, a display device 103, shutter gl asses 104, and a

remppe controlpilP5s0 43 9A2Bbmatic didyBih BEMwdhigvei 12kelchyBmppbedegn the
pl ayback device "102. The BD-ROM drive 121 is an optical disc drive

gonf or Mduk tfok he Bl d Qirain, e, phaybasck-fevhe en™0xdegs &hengD- ROM
rrve

the interleaved arrangement shown in Fig. 49 and (ii) the
playback path during interrupt playback.
Fig. 51 is a schematic diagram showing the playback
15 process system in the 3D playback device shown in Fig. 42.
Fig. 52 is a graph showing the change of the accumulated
data amount in the first read buffer when the 2D playback device
plays back 2D video images from the extent groups shown in Fig.
49. .
20 Figs. 53A, 53B, and 53C are graphs showing the change of
the accumulated data amount in each read buffer when the 3D
playback device plays back 3D video images in L/R mode from the
extent groups shown in Fig. 49.
Figs. 54A, 54B, and 54C are graphs showing the change of
25 the accumulated data amount in each read buffer when the 3D
playback device plays back 3D video images in depth mode from
the extent groups shown in Fig. 49.

Fig. 55 is a schematic diagram showing the arrangement

14



121 to read a novie content fromthe BD-ROM di sc 101. The pl ayback device
102 further decodes the novie content into video data/audio data. \Wen the
pl ayback device 102 is a 2D playback device, or when the display device 103
only supports playback 5 of 2D video inmages, then the video data only

i ncl udesfepxhentagtetps Welorging tioghach eileiwhken fardive twontypes stther hand,
when the playback device 102 is a 3D pl ayback device, and when the display
devi ce Fd3esuppcil/sied ayiark s6tesd 34 HeandhageghtHeew RErepBdol Hat a
includes both left-view and right-view video 10 frames. [0023] The

pl aybacRIe\SOrHFs of (?orﬁpeé:iqg’ﬂ 4iF% he display device 103 via an HDM

(H gh-Definition Multinmedia Interface) cable 122. The pl ayback device 102
converts the Wideo®?ldfa aGarHaBACA BT IR 6L el lsRgiH dwdi 5 Ynal in

the' HDM fornmat and sends the signals to the displ evice 103 via the
HDM 5 cabiYe 1R¥ET 15813 Chiish ety &Lkrm-%fée@%%% z@l@? devi ce,
or anﬁ t,ﬁ di.spl ay devijce 108 ?njlg-% u ortls | a bgck of 2D vsﬁa%/? ng\éiag?
t hen onl%* 18%%% FrélrL?ﬁem‘P ‘Ft@%‘?e@ﬁ) a[%é’bﬁieé%[-ﬁweﬁf’lﬁﬁegi %o&‘? ane is
mul tiplexed,in the vi i I . the other hand, when the pl ayback
devi Icg f)((?f‘q ?%O%eﬁ%:oﬁ%ﬁigé;%ﬁ cog]jea?% %hi;% the display devi (F:)e )1/03
support s bl ayagl ok A0ape0s! 1BECS abhen BBl BnbNent ChhaXhe L AN L he

e I I'n th €0

ri ght-view vi ranes are~tinme-mu exe € Vi rgnal .

Additio t lLa eVi $EC sswihth the

di spl ay%g.'leévllx%uelgl]%%@\gfa gat %@%dﬁ{é%%é} %?%X{Sﬁet?%?éﬂ vvay,arr?l%]e%ag a§/ a%:k devi ce
102, gasks i Vi VJ t i pl ayback of 3D video

i maégs. S'L% 0 (%épé& tkgée ZlT%:O éﬁlo%p%?/ %%%/?%iet?%&gp%lﬁi' liquid crystal display.
Al ternativel %Fi@?se. H 5P| 2y de¥B CErd03 LRMNG ANDINFartsy Pen&hidd aknpanel

di splay, such as a plasna display, an organic EL display, etc . , or a
proj ect Gfe1akhorcisid BetdR\dce 483t dbspiRhMdrlaa @Rt ptaeBack3isi n

accordance with a video signal, and causes the speakers to produce audio in

accor daRgei it & agiddi Be Hr@irje olfiefite admdiRa o aybacimslevt a& 482 is a 2D
di spl ay device, or when the display device 103 only supports playback of 2D

video 1Girmgessad henffdrty one of either the left-viewor the right-viewis
di spl ayed on the screen 131. On the other hand, when the playback device
1021B6s a 3D plmiyhadck deviecechanmdtikedibkeadi spbayndetheeatf3ngeappontt s
pl ayback of 3D video inmages, then the left-view and the right-view are
di spl ayesf &heezxndmt grompshin an interleaved arrangement shown in Fig.
49 when an extent belonging to a file other than the AV stream
file is inserted into the extent groups.
Figs. 60A and 60B are graphs showing the change of the
20 accumulated data amount in each read buffer when a different
method is used to guarantee the available buffer capacity in
each read buffer.
Fig. 61 is a block diagram showing the inner structure
of a recording device according to Embodiment 2 of the present
25 invention.
Figs. 62A, 62B, and 62C are schematic diagrams showing

processes to calculate depth information from a pair of left

and right pictures by the video encoder shown in Fig. 61.
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15 screen 131. [0025] When the display device 103 supports pl ayback
of 3D video inmages, a left/right signal transmtting unit 132 is further
nount ed on the display device 103. The di splay device 103 uses 20 this unit
to transmt a left/right signal LR to the shutter glasses 104 via infrared
rays or by radli®t rehshs sdi §ahemREIrefdiadrgn SHYHNI LrechrpedestQhet her
the i mage di splayed on the screen 131 at_that point is a left-viewor a

ri ght - vi W HR GOMPRTe Y lsiiivapfdani et 1031 di %3¢ lits RO VAEEReEPRBETeS t - vi ew
frame 25 and a right-view frame using the control signal that acconpanies a
vi deo si%REATIRME BfYed & P RXEARAY 3EVEFRR- waveform for the

|l eft/right signal LRwith the switching of the frame. [0026] The
shutter glasses 104 include two liquid crystal display panels 141L and 141R
and a left/right signal receivin it 142. Each of the liquid crystal

di spPay ?ﬁﬁé&ﬁﬂﬁ%@dﬁ% Q£h$éﬂ%ﬁ§?$fute each of the left and right lens
parts. Tgﬁxgﬁteft/right signal receiving unit 142 receives a left/right
signal LK in accordance with the waveform sends the signal to the
left and rightliqui rystal_ di . n . rdance
wi th the signa I,le ggggogﬁl ¥l§h%e?$rq%?%@ér§§€§%3ﬁ%§é{e éi} ugﬂa%é‘l}g Rg%fg%% 141R

ei ther | 1lg L ar nt.j or i ut. For
xanpl e, SRS { R T e P S e LR B ea B o (S b SBTy. the
liquid c . i o h 3 ye lets |light pass through,
whi |l e th%%f%%%}%h§$£§%a?égls%%é%L%én% élgiéﬁg%?gfhe right eye shuts |ight
out qoWeppghey I ef t/right signal LR 15 indicates a right-view display, the
di spl ay panels act oppositely. In this way, the two liquid crystal display

panel s lfgddnsdfmdddRiplternately let light pass through in sync with the
switching of frames. As a result, when a viewer |ooks at the screen 131

- while weasomg) the shutter glasses 104, the 20 left-viewis shown only to
the viewer's left eye, and the right-viewis shown only to the right eye.
At that tinme;, ghe. viienelsdherde dDageanahtviiriica tichketlenceebet/weemn t he
i mges seen by each eye as the binocular parallax for a single stereoscopic
i mage, angihhua treeoridien appiiaus socbed2hgster emdenpinent 002F the  The
renote control 105 includes an operation unit and a transmtting unit. The
opernat i gpresenti movedeson. pLurBigt ylof th® recording medium 101 is a
read-only Blu-ray disc (BD), i.e. a BD-ROM disc. The recording
medium 101 can be a different portable recording medium, such
as an optical disc with a different format such as DVD or the
like, a removable hard disk drive (HDD), or a semiconductor
20 memory device such as an SD memory card. This recording medium,
i.e. the BD-ROM disc 101, stores a movie content as 3D video
images. The home theater center includes aplayback device 102,
a display device 103, shutter glasses 104, and a remote control
105.
25 [0022]
A BD-ROM drive 121 is mounted on the playback device 102.

The BD-ROM drive 121 is an optical disc drive conforming to the

BD-ROM format. The playback device 102 uses the BD-ROM drive

16



buttons. The buttons correspond to each of the functions of the playback
device 102 and the display device 103, such as turning the power on or off,
starting or stopping playback of the BD-ROM di sc 101, etc. The operation

it det when.the user presses 5 a button and passes a signal that
gg:aci f ieegS ﬁ'sﬁ:é) boRt M6t e ﬁ@gf:legﬁsﬁﬁct“t Fhg BRTiROM Ghec f03nstie playbagkt sends

this sigpal .as signal IR via infrared rays or radio transm ssion to the
pl aybacEgagW@eajﬂ?Z g’ﬁrFfH%rdidse;ﬂ%@ﬁsdegpée myse | RORRPBtwainita heidser can

. I k [ 102 the display 10 device 103.
[ooo) AAPe ik R OHERRE BB BRI TRk A OB L 08 4o A PRe¥ERERaL | ¢

[ ' 5 of the BD-_ROM di 101. As shown in
B o) o SORIED o W B HERPURT 9810re Pibuinon SHEEORS S RASFRBSE por t§ on

T e Tl T
Copyr i ght ot SetTort Y rLERE - ShPy PRiEd el ot %ﬁa%n?_%@?f%;g%éeﬂ"émi n
kS RS LIBASRAR 0 T B LA T R SRR I
left sid@isplay device 103 supports playback of 3D video images, then
the video data includes both left-view and right-view video
10 frames.
[0023]
The playback device 102 is connected to the display devicé
103 via an HDMI (High-Definition Multimedia Interface) cable
122. The playback device 102 coﬁverts the video data/audio data
15 into a video signal/audio signal in the HDMI format and sends
the signals to the display device 103 via the HDMI cable 122.
Here, when the playback device 102 is a 2D display device, or
when the display device 103 only supports playback of 2D video
images, then only one of either the left-view or the right-view
20 video frame is multiplexed in the video signal. On the other
hand, when the playback device 102 is a 3D playback device, and
when the display device 103 supports playback of 3D video images,
then both the left-view and the right-view video frames are
time-multiplexed in the video signal. Additionally, the
25 playback device 102 exchanges CEC messages with the display
device 103 via the HDMI cable 122. In this way, the playback
device 102 asks the display device 103 whether it supports

playback of 3D video images.
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of track 202 represents the inner circunferential part of the 25 disc 101,
and the right side represents the outer circunferential part. As shown in
Fig. 2, track 202 contains a |lead-in area 202A, a volune area 2023, and a

| ead-out area_202C in order fromthe inner circunference. The lead-in area
202A is pPBYfEHed i mediately on the outside edge of the BCA 201. The

| ead-in area 202A includes information necessary to access the volunme area
202B, such as The digplayheepigsi di3 adldr esslimtic] ofyshel datiaplegor ded in
t he vol urrgﬁar ea 2023. The lead-out 5 area 202C is provi ded on the outernpst

ci rcunf eFehEFEREpYRLY of tRa iR Y dairtiagl OF camir amditbetre syplee oénd  of
t he vol upe_area 282@, The volune area 2023 includes application data such
as vi deo"TabdP3ne Lt ¢1SPHBB0] SUBTHRS V3l BheSRRed18D28Yi sani erdedicnEs snal |

areas ca l ed- "sectors.” Sectors are consecutively assigned nunbers in order

fromt heXt BB 3Y " (He voPine BhUETx3. Theeddskbayedairice Inbasslave cal | ed
lj_ogi cal ‘z;ggé%sos&%h%or?ﬁl Q hc]g_%} bl ng nunper s) W'D%t a \l_s rea(*EJ.L fron,j t he BD- ROM
i sc 101 by de3 gnat PRYSE™ oYt cdt 2AFRFESSCE5 Wbt eV kdRT & HPdri ARG hat
o o b} 00 M B VIR LR, SOCR S0 SRR D
an aroa VRErE RS agrner HetnAbEl BVE L Pa Bt puice
T S o T LG SIS e L R L
}[/\ﬁhéhggf Ridﬁ\%%éfbtt@%(l)‘lggg%?%neob%ké@tﬂ@f ™ 8 rEe6K ol 9034 %§8ﬁgi—lv§e%y3t em of
is displayed on 4the screen 131. On the other hand, when the
playbé.ck dev.iée 102 is a 3D playback device, and when the display
device 103 supports playback of 3D video images, then the
left-view and the right-view are displayed alternately on the
15 screen 131.
[0025]
When the display device 103 supports playback of 3D video
images, a left/right signal transmitting unit 132 is further
mounted on the display device 103. The display device 103 uses
20 this unit to transmit a left/right signal LR to the éhutter
glasses 104 via infrared rays or by radio transmission. The
left/right signal LR indicates whether the image displayed on
the screen 131 at that point isa left-viewora right-view image.
The display device 103 distinguishes between a left-view frame
25 andaright-view frame using the control signal that accompanies
a video signal and synchronizes the switching of the waveform
for the left/right signal LR with the switching of the frame.
[0026] |
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UDF (Universal Disc Format) is used as the file systemfor the volune area
2023. Alternatively, the file systemmy 21 be 1309660. The data recorded
on the volume area 202B is represented in a directory/file format in _
accordance with the file system In other words, the data is accessible in
units of directti €5uskeri [®RssiD0392 includebiwospbiididakkystafien a UDF
is enployed as the file system the volunme area 2023 includes a directory
area, a a%%]%}%ﬁ’rlﬁmfrle%lﬁéi'aaﬁ‘lﬁiljéjs%tar’d%%lﬁf%'@brl,glaﬁdﬁngnaécé“edemglagea fora
termnating descriptaor. A "directory area" is ordinarily 10 a plurality of
ar eas, e%ﬂt ojf‘l%mi%‘fg? £ theedr &1 Fookr ddﬁt%aéfoﬁ’@ﬁ:etllglt ilﬁgl-aaﬁfjngl ((aLEN)
di rector he "fjle set descriptor” .indicates a |ogica ock nunber

of a sec%/%}gt ﬁ%?sthW@ Fﬁgﬁf Ple T eidf 3ME ¥Rt dieeet BRytSThEhe

orB neLL P deset | LGl pdbeaton e Lo pall on, o the [l oel 19
File. and Feeb PR i P BaC ForRich " B 1T, 3DR60R BABaLr | o
oY L8l Geisagt LR a0 a0 IR a0 q.and n oL qeell gy, deser ptor
R e e e R RS B TR R
display panels 141L and 141R either lets light pass through the
10 entire panel or shuts 1light out. For example, when the
left/right signél LR indicates a left-view display, the liquid
crystal display panel 141L for the left eye lets light pass
through, while the liquid crystal display panel 141R for the
right eye shuts light out. When the left/right signal LR
15 indicates a right-view display, the display panels act
oppositely. In this way, the two liquid crystal display panels
141L and 141R alternately let light pass through in sync with
the switching of frames. As a result, when a viewer looks at
the screen 131 while wearing the shutter glasses 104, the
20 left-view is shown only to the viewer's left eye, and the
right-view is shown only to the right eye. At that time, the
viewer is made to perceive the difference between the images
seen by each eye as the binocular parallax for a single
stereoscopic image, and thus the video appears to be
25 stereoscopic.
[0027]

The remote control 105 includes an operation unit and a

transmitting unit. The operation unit includes a plurality of
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information of the file entry itself. The "allocation descriptor” indicates
the LEN of the sector on which the directory file belonging to the sane
directory area is recorded. [0036] The "directory file" includes
the file identifier descriptor of a subordinate directory and the file

i dent i f ilitHeRer Theobubtonssudiorelpened ta kach Tk thei fencdbons fufeths
descriptor of a subordinate directory" is reference information used for
accessi iRy ARRAGSI BeVdiasal 82 dind &her §isptay etk Vimeedioat ebychelsomurhendi rect ory
recorded in the directory area. In particular, this file identifier

descri pt'ote PRYSFdeR qrd‘éﬁty-'r St o PAT D iR iesh PR vbieeksabdi BRt BOM
directory, the 10 length of the directory nane, a file entry address, and

t he act d%}S‘ai%O&ct BFG - ﬁ%ﬁs.‘mﬁéﬁé}%‘énﬁl tEaftts) wagar ese Usedi paeeseshe LEN
of tBe sect r.on vl\]gch the file entry of the subordinate directory is
recorded bf%e On} M PAEREST ReflaBL TPRbroRACH oo Matteom e the
referencte aiu?f“(l)r@mi on f.q{ g?g)%tra Si n% the .15 subordinate file |ocated

i mredi at &1 Bet oW the i tre grﬁﬁ BrE&donuithe IF[FRLTCHE SL6821TRSS fil e

i denti fiagrsg%%{i O\I‘l_ii nglngdes i.dentification informatjon of the

subor di nate 1i1e, thé Fenftherd A&YS 1 O LFFPIERE LY alidr BRE, and

t he act ya .. fi : : f il ntry addr indicates the LEN of 20
the fil eargl%/&%?%gﬁecels_gggr%“f %z’teea\lﬁg?géy erJrca%ﬁzé t EE Fite Wlaé'enF#?i er
descri pt s of Sthgydl LY 8CL oL i he file entries _of the
subor di nat e di Pect or?éei;?%:? glsrroga%ﬂ%gﬁs%[g%{&en dli%{’f‘gefloduzna? 'tskiea tPRo*¥rom t he
fileoentgai Qe thes root directory. 25[0037] The "subordinate file"
includes the file entry and the body of the subordinate file |ocated

i medi atglopdiel ow the directory recorded on the directory area. The "file
entry" includes a descriptor tag, an ICE tag, and all ocation descriptors.

The "descri pt apdtRg 'sd Rt o hale tHE Ml apidat i ncludes the descriptor
tag is a file entry. The "ICE tag" indicates attribute information of the

file entfgpoddisel f. The 5 "allocation descriptors” indicate the arrangenent
of the extents constituting the body of the subordinate file. Here,

"extent" referfid.02aidat acheqaericediagwhincihdwhsalhaddrassesudtfre
continuous. Each allocation descriptor is assigned to one of the extents.
Thet &f orce, tiveBD t k@M slilsar dionat s faHoer sndiig ded ABdat@uasp oaetihy of
extents, the file entry includes a plurality of allocation descriptors.
More spégidalcady, izaphouiiedaticothgesicmrigrmrst ndntdiesn tde sheedataan
extent and an LEN. Furthernore, the two nost significant bits of each

al | ocat iTHFWEE T free ioiditést 8DvREM did san 161t. eAnlyys thet BRFRYMr @ebrded at

121 is permitted to access the BCA, and access by application
programs is prohibited. In this way, the BCA 201 can be used
20  as technology for copyright protection. In the data recording
area outside of the BCA 201, tracks are formed spiraling from
the inner to the outer circumference. In Fig. 2, the track 202
is virtually‘extended.in.a transverse direction. The left side
of track 202 represents the inner circumferential part of the
25 disc 101, and the right side represents the outer
circumferential part. As shown in Fig. 2, track 202 contains
a lead-in area 202A, a volume area 202B, and a lead-out area

202C in order from the inner circumference. The lead-in area

20



15 the sector for that LEN. More specifically, when the two nost
significant bits indicate "0," an extent has been allocated to the sector
and has been actually recorded thereat, Wen the two nost significant bits
indicate "1," an extent has been allocated to the sector but has not been
yet recof @A ishrrewntdediameasyjiadall 2 onathi evsed def eddne ofixtieaBECACR05L i t Ut i ng
each file can be found by referencing the allocation descriptors of the
file entthe deadrdry prea JQiRgRaliudest hufabnetidosteddrrbly It syseem

enpl oying a UDF, 25 when each file recorded on the volune area 2023 is

di vi ded Tt A Prausaed: ¢ 088 erbeRt3s the Fize &hst phvsécalheddvease area
2023 also generally_ stores the information show ng the | ocations of the
ext ent s, &S Wit AREIRRLHERETING bR aMPdms areaea?B piidesleadnovhe vol une
area_2023. By(%%;erencing the information, the location of each extent,
part Pcul &Y A% E8RTAY T8k SheHR BB TO8 bif e Wi ARER fiGoB gpTt Of
"Directaqry/Eile Structure on the BD Di sc” [0040] As further
shown i ﬁtl{? §ots r?%o?#en%iarree@t 3?9/%34@%??%5?&%“‘%@1 BiRe (19d UBIS: RERRdi sc
101, a Vi B directaory.242 i.s located.i medi ately bel pw a ROOT
it ectorsy D, T RO (e AR PEAy. 7P LAFAtan HGE PRFp 22
(index.QqH¥ 24 d vie object file (MvieQbject.bdnm) 2423. [0041]
The i ndex % %a%%éﬁgkon %?ns i nformation for nmanaging as a whol e the
content feeosded on the BD-ROM disc 101. In 15 particular, this information
i ncludes information to nmake the pl ayback device recognize the content, as

vel hoas an indgy Lahlfe Lhea Qﬁ% ié%ﬁfﬂ)@&ij{)dt%; Shf28 1€QLLE pegﬁﬁgge

between a title constituting the content andaprogramto confro

oher o) oresieae, pherbsst deyiShod Lo AR 38 Lovt) 2070
t r adenmariyom (tlhjee’@ép of the volume area 202B. These consecutive numbers
are called logical addresses (or logical block numbers). Data
is read from the BD-ROM disc 101 by designating a logical address
15 to the sector storing that data. In this way, the volume area
202B can be accessed in units of sectors. In the BD-ROM disc
101, logical addresses are furthermore substantially
equivalent to physical addresses on the disc 101. That is, in
an area where the logical addresses are consecutive, the
20 physical addresses are also substantially consecutive.
A;cordingly, the BD-ROM drive 121 can consecutively read data
pieces having consecutive logical addresses without making the
optical pickup perform a seek.
[0031]
25 <<File System of the BD-ROM Disc>>
[0032]

UDF (Universal Disc Format) is used as the file system

for the volume area 202B. Alternatively, the file system may
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[ 0042] Fig. 3 is a schematic diagram showi ng an index table 310 in
the index file 242A. The index table 310 stores itens such 25 as "first

pl ay” 301, "top nenu" 302, and "title k" 303 (k =1, 2, ..., n; an integer
nis equal to or greater than one). Each itemis associated with either a
nmovi e obbPecSIES2D, TWO @D;a etrecordednidrh ah8Dvdlabkeairad3DIED 2B, 1BDIO- 3D,
etc. Each tine a title or a nenu is called in response to a user operation
or an appePrasevhe@roymamirectonyv i lenforohtt e guicayhbricaleniitteth@? refers
to a corresponding itemin the index table 310, and calls an object
correspohdt fgSYdtehe T2 aahligomayss ditdee 1B3dta 3 sThecesstibde dni tnthen
executes a variety of processes in accordance with the called object. Mre
speci fi c@f | §1reReOTriesserpfayes301 specifies an object to be call ed when
the disc 101 js |oaded into the BD-ROM drive 121. The "top nenu" 302
specﬁfie§03%3tbject for displaying a menu on the display device 10 103 when

a command "go back to nmepu" is input, for exanple, by user operation. In
the "title k" 0% TPRC111F2LIY hathewndt PPHt &St gEPLEHEEnRSoRhENELdPsc 101
are indiyviduall ngl | ocat ed. For eﬁizrg)l e, when a title for playback is

speci fi @ By User"GpePati™n, 2457 t t eRCLPAePe AR NSRRI Th *Re2tiBle s
cor reaponi et 08 A oSl S PLE B iR e i Bk, S Sores oo TRl e D458
Jeuencelof DhEndnBLihl Addo o & M EE  or Aoy PETRit ol -
o e SR ey P MRCL BK OF W Y B E R PGB o

read- out . GREPBAGL 1 9" Qagiglgﬁea AbRWHSE, fidgs coE] esPQDdI agsggigtyrt'l € a
pl ayback command t o play ck stream
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 file set
15 descriptor.
[0034]

Each directory area shares a common data structure. In
particular, each directory area has a file entry, a directory
file, and recording areas for each subordinate file.

20 [0035]

The "file entry" includes a descriptor tag, an ICB tag,
and an allocation descriptor. The "descriptor tag" indicates
that the data that includes the descriptor tag is the file entry.
For example, when a descriptor tag has a value of "261," that

25 data is a file entry. The "ICB tag" indicates attribute
information of the file entry itself. The "allocation

descriptor" indicates the LBN of the sector on which the

directory file belonging to the same directory area is recorded.
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25 data froman AV streamfile indicated by a playlist file, and a
transition command to make a transition to another title. Navigation
commands are witten in an interpreted | anguage and are deci phered by an
interpreter, i.e. a job control program included in the playback device
to make {R@3€bntrol unit execute the desired job. A navigation conmand is
conposed of an _opcode and an operand. The opcode describes the operation
that the playbBek déirsstiorn oféxedut encsudasastht vifdiley, igkayifgeback, 5
or calculating a title, etc. The operand indicates identification

i nf or mat PSPCT APHRY RF By stherdpepkei dhreothrdsantiehs flidesidenbefiestc. The
control unit of the playback device 102 calls a novie object in response,
for exanpPeCTIBEAr U GpefabPBAiBAbeextile es Thevi Jdtilen ééanthdsernc! uded
inthe 10 called novie object in the order of the sequence. Thus, in a
manner s ?ﬁ"FEJrP’E‘ar&érPe?HPOB%BHBFﬁﬁr%%CEW'b%WW éBfoppatipst nakes
t he disp&g% de¥ice 103 disglay menu to allow the user to select a
conmand. “SH2 pFVbalkCEEFIEE 150 herRSELRAE pl FyB2EKOEY ar LPSEBEd0f a

title, sw nqother, title, etc. 15 i ccordance with the sel ected
conmand, %ﬁ%@%%@é%%g%o&ﬁﬁ RETEORY ?ﬁcéoﬁaﬁgﬁ&Eh%fdl\ﬁ%%l ayBack.
[0044] < : i ~1.J. 2% t he, BDMM. directory .242 further _.contains a
pl ayl i st { P& %\(I]]y'ln’r eg glfsy Yok S5 i i or i%r‘rpfﬁ’r( LR RESS
di rect or y 244 p1 & ﬁSEﬁg@@ i tory245: aBD-.J_obj ect %B Q. Bp, Java
Obj ect) directorygg%%; an afaaJ%$§F§ﬁ¥%%gP%R§§%f§3§ é%g F%%Tydigéﬁtory
24720l 00ABlodllr o8 LiPes: Al AVSLIGA L1 £51L0000L, NBRS) 0 245A5 25
(00002. n2ts) 2453, and ?00003;%2t§?$54écfaré %ga e &é%e é ERRF
di rect oryc2ddl e A%} haa fiskee i snd e Rody 9t %}é&%@% EHHEEQ?egnd
represents video, audio, subtitles, etc. The types o V streamTiTes are a
2D AV stiileameN 6€.the kebto¥i SWwdlit®@Fhe file entry of the subordinate
directory is recorded. The "file identifier descriptor of a
subordinate file" is reference information for accessing the
15 subordinate file located immediately below the directory
recorded in the directory area. This file identifier descriptor
includes identification information of the subordinate file,
the length of the file name, a file entry address, and the actual
file name. Here, the file entry address indicates the LBN of
20 the file entry of the subordinate file. By tracing the file
identifier descriptors of subordinate directories/files, the
file entries of the subordinate directories/files can be
sequentially found, starting from the file entry of the root

directory.
25 [0037]
The "subordinate file" includes the file entry and the
body of the subordinate file located immediately below the

directory recorded on the directory area. The "file entry"
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file, aright-view streamfile, andadepthmapAvstreanfile. A "2D/ AV stream
file" refers to an AV streamfile that can be used al one for playback of 2D
video i mages. A "left-view streamfile"” refers to an All streamfile
representing the left-view5 of 3D video inages. A "right-view streamfile"
refers tionades <trdescikipsoreptagentamg QR rHaght - whdw alletavideo
imges. A left-viewstreamfile and a right-view streamfile are used as a
pai r to WIPIREIE viTHeo" daagesptar toept hnddsatlds shatarhd daga theéers to an
All streamfile representing a depth map for 3D video 10 i mages. A depth
map Al S¢BHRT | the | descEPrar cbadi Agt iforf iia IenE D ARhst TEGEN £24% for

pl ayback, of 3D video inmages. In the exanple shown in Fig. 2, the first Al
st r eam f31EL D RHRHDI TR S AT PE Mg tApnATT st dii e le@tand itseafsoThe
left-viewstreamfile. The second Al streamfile (00002. nPts) 245B is a

ri ghP- vi G IFIVUnPPPFEIPARES"s HREHCFRE c 5M6T NAYTIRIARERTt 1K FFR]tL Al
streamfile 245A for_pl ayback of 3D video_ inages. The third All streamfile
(00003, 1Bt &5 oA SETE L g T DROY Sty S5 FRPEr ARG s fhiga FATe.

mbi ' i fi I file 245A . f 3D vid
e %%La?é%ﬁ%?%%m#%?%w%ﬁﬁfﬁrﬁg?:%?g% @ﬁeissaﬁ,: )
244A, (0000 |, pi 4B d_(00003.cl pi) 244 : ted int CLI PI NF
di rect gr%p%%f%tﬁl&&%%ﬁ Fﬁag r %%??Sﬁéf‘ ?%Pgagf%rhgcg%% ?Jeﬁ %Sfas’&r%:fld; 8- {;]6‘-:’ 0 ng

. . | .
ot vieen Theter CEeial | anerrapnsy PREn i solRe e S R A SEVAGRRT e ana

t he;hogi Galo a%siicﬁsa?plg% b@eef&én% I &gl ﬂirg-en]&*}?y ixgﬁﬁgelé & !ruer' i pgmati on

files are a 2 ornmation Tile, aTleft-vifew c mation‘file, a

right- vi@yvaqllio@aétgfow a@g'bem?ﬂﬁe,. MO & fleptdh B¢l iR d néewéawgﬁji le,

which are clip information es respectlvely corresponding to a AV

stream fdd&sr Aot &F t 1HCAWGRIS eankl id e a Jf OBl VigUestr ea fialhe, AR a depth
map AV streamfile. In 5 the exanple shown in Fig. 2, the first clip

i nf or matF@cHd oA DO elbi hod 44 dnsi 81 2bh €l P d froerRbi n16EheisAd is
also a left-viewclip information file corresponding to the first AV stream

file (OGHcribts)r 24Acatie whetdrd chi @xtahoriBmtdcrudlile re000824ackpi) 2443
is aright-viewclip information file
15 the sector for that LBN. More specifically, when the two most
significant bits indicate "0, " an extent has been allocated to
the sector and has been actually recorded thereat. When the two
most significant bits indicate "1, " an extent has been allocated
to the sector but has not been yet recorded thereat. The logical
20 addresses of the extents constituting each file can be found
by referencing the allocation descriptors of the file entry of
the file.
[0038]
Like the above-described file system employing a UDF,
25 when each file recorded on the volume area 202B is divided into
a plurality of extents, the file system for the volume area 202B

also generally stores the information showing the locations of

the extents, as with the above-mentioned allocation descriptors,
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10 corresponding to the second AV streamfile (00002. n2ts) 2453. The third
clipinformation file (00003.clpi) 244Cis a depth map clip information
file corresponding to the third AV streamfile (00003.n2ts) 245C. [0047]
15Three types of playlist files, (00001.npls) 243A, (00002.npls) 2433, and
(00003. rigt She 433 uaice aregak8@Bi- nByhse PEAYRESTIdEhecinfgrmagion, "phayl i st
file" specifies the playback path of an AV streamfile, i.e. the part of an
AV stredRF31EOn 00fe868, SxtfERthe PRERECHIaHEY 08By . LoHealy prddpesp| ayl i st
20 files are a 2D playlist file and a 3D playlist file. A "2D playli st
file" rdfie HfAMNSG io¥d e specifying the playback path of a 2D/ AV
streamfijle. "3D playlist file" refers to a playlist file that specifies
(1) the %ﬂ)ﬁck path of a conbination of a left-view streamfile and a
righgt-view stream 25 file,_.or (ii) the playback path of a conbination of a
2D/gA stream fﬁﬁ%elraﬁﬁz&oiyc@ﬁtolr? WHu r?-i-%/uﬁ G 1RP-FAE #4SSt> playlist file
(00001 . 4433 243A is a 2D playlist file, and the second playlist file
(00002 . S ]) 2433 and the third playlist file (00003 . npls)

As further shown in Fig. 2, in the directory/file
structure 204 on the BD-ROM disc 101, a BD movie (BDMV) directory
242 is located immediately below a ROOT directory 241. Below
10 the BDMV directory 242 are an index file (index.bdmv) 242A and
a movie object.file (MovieObject.bdmv) 242B.
[0041]
The index file 242A contains information for managing as
a whole the content recorded on the BD-ROM disc 101. In
15 particular, this information includes information to make the
playback device recognize the content, as well as an index table.
The index table specifies‘the correspondence between a title
constituting the content and a program to control the operation
of the playback device. In particular, this program is called
20 an "object." Object types are a movie object and a BD-J (BD Java
(registered trademark)) object.
[0042]
Fig. 3 is a schematic diagram showing an index table 310
in the index file 242A. The index table 310 stores items such
25 as "first play" 301, "top menu" 302, and "title k" 303 (k = 1,
2, ..., n; an integer n is equal to or greater than one). Each
item is associated with either a movie object MVO-2D, MVO-3D,

etc., or with a BD-J object BDJO-2D, BDJO-3D, etc. Each time
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are both 3D playlist files. In particular, when 3D video i nages are pl ayed
back fromthe conbination of a left-view streamfile and a right-view
streamfile, the second playlist file 2433 is used. On the other hand, when
3D video images are played back 5 fromthe conbination of a 2D/ AV stream
file and &iddst brsarmenn fiid ealilkd ihi rdspbageity o user2dp€rasionedr [ 0048]
A BD-J object file (XXXXX. bdjo) 246A is located in the BDJO directory 246.
The BD- Ribljradtidatiomnpeagiran udesonrt sphgrri 1 @BHhe pbppbackThevBreJ obj ect
is a bytecod rogramto cause a Java virtual nachine nmounted on the

pl aybackl%l?e\;’-’e‘eé)‘3 oty cormaarenHODridess d8sthe indewe tabdyehadR . amed gr aphi cs
rendering.. The BD-J object is witten in a conpiler |anguage such as Java
or the 193kls A BiertokeaespRdiads ten tasp Litest f-eﬁmnﬁgaggﬁéﬁt 195.tabl e
and identification_information for the playlist file to which is referred.
The applit&t FERT ﬁﬁﬁa@éﬁ&ﬂth%ﬁﬂex?guﬁeﬁ:ﬁ VRTIREY J8Fa REAFSS3]T obfpr ogr ans
to be execute g t he Java virtual nmachine and their perjod of executlon
(1ifecy@&°r alrh% e i Yehti FPeats qq]f%?ﬁrﬁFFonM@F‘et I%ﬁff) Gakl¥i | BP®o which

ol ayed BU S TRISTAVAD bR R PP B o A PBLED DB T R sedbPtance.
Appl i cation T ot ta%é’%clc%%oﬁ.”cnhe”p%ﬂ TR EpPTeat FEh FhRaceRenterabl €27 el uded
Lﬂatnggs %%c%f%ggea?sgéo? g?ﬁe VI l_o%a}rﬁli@c% rr%’X&aéﬁpﬁqé’iye %’ Q%P Efﬁlcrc:%ﬁglelsyt he
Loosd] ¥ MRRSebinrad R @*"2%’5’%5‘9/‘16?% L SRR R Yect or y

247. TheglARMihaet Ly %Zhaar\ef@ié ¥l 965 UGeR @1Qié’§Q:|Hattycﬁ£sijg}lE§ of Java

application programs to be executed in accordance 5 with e application

managentitie t@bh€ash o tHk tdes B ey Q?J:@Cindfvgél\iéllﬁﬁ%l@.é&é@@dpr pgramis a
byt ecode programwitten in a conpiler |anguage such as Java or the |like,

as is thecdifbie Objvieh. alypesief mavapappbheat i BpegLaNBal N} ud8epr ogr ans
causing the Java virtual machine to execute pl ayback of a title process and

10 prograperLeish Ndntdiee dawa Mtk maechhAehtthexeeUkbe Hrapbegseenderi ng.
The JAR file 247A is a Java archive file, and when it is read by the

pl agback:ltevbleedif2f or tplsy xd risgdleda i Nidebefnalh HREDRY. stRekii SiDBy, a
Java application programis stored in nenory. 15[ 0050] Mor e
speci f i cabtnespdmrd thy ot arhe filelstisctpeeilDddis i npl enented to have a
ROOT directory area, a BDW directory area, a PLAYLIST directory area, a
CLI PINF o4zt ory area, a STREAM directory area, a BDJO directory area, and
a JAR directory area
The movie object file 242B generally stores a plurality
of movie objects. Each movie object stores a sequence of
20 navigation commands. A navigation command is a control command
causing the playback device to execute playback processes
similarly to general DVD players. Types of navigation commands
are, for example, a read-out command to read out a playlist file
corresponding to a title, a playback command to play back stream
25 data from an AV stream file indicated by a playlist file, and
a transition command to make a transition to another title.

Navigation commands are written in an interpreted language and

are deciphered by an interpreter, i.e. a job control program,
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20 in the volune area 202B of the BD-ROM disc 101. By tracing the
above-nentioned file identifier descriptor, a series of file entries in
each directory can be found sequentially fromthe ROOT directory. For
exanple, the file entry of the ROOT directory can lead to the file entry of
t he BDWLIH Fudadip. tixsptayvbaekmaeice lve hike thetconipfol haiBRMecitect ory
can lead to the file entry of the PLAYLIST directory. Simlarly, the file
entry oftheheeBpmeddi pbetdmp Vi tisad coomame Lk | eompprgedofoantdrcaia Pl NF
directory, the STREAM directory, the BDJO directory, and the JAR directory
areas. [B0hHT RIS ¢ (e Blasgebbednlent SPF VOGN Skt 98¢ owi ng
describes the data structure of each file associated with playback of 2D

vi deo cah@Bmadk SeVAFEngS tR SFEGHS Sof SEFheas iH ik mspvelay i egtlnsk 242,
[005?] "ijectf F%corded in the | ndex Table" 10[ 0054] . _In the exanple
in FPg. & the ABVREIBB) eBt dsidoiG at eBEG t h THFe iARSHATT t | Erdicatgmd. 2D,

i ncl udes, roup. of commands related to Iaa/ ack. processes for 2D video

i mages USITY HHEFF IR lﬁ{%ﬁ"faﬁlqri & d e FPenBPEFay BRBKSHERi % 102

neters @d Decda LU (Lpchind hend bysgert dancee wilbhe g e obl o
P 2yoace @ BESSES, RPN WROBR AL R L BccordpngE 1 e
associ atd:';%f’gttirbn and executes navigation commands included in the
10 called movie object in the order of the sequence. Thus, in a
manner similar to general DVD players, the playback device 102
first makes the display device 103 display a menu to allow the
user to select a command. The playback device 102 then executes
playback start/stop of a title, switches to another title, etc.
15 in accordance with the selected command, thereby dynamically
changing the progress of video playback.
[0044]
As shown in Fig. 2, the BDMV directory 242 further contains
a playlist (PLAYLIST) directory 243; a clip information
20 (CLIPINF) directory 244; a stream (STREAM) directory 245; a BD-J
object (BbJO: BD Java Object) directory 246; and a Java archive
(JAR: Java Archive) directory 247.
[0045]
Three types of AV stream files (00001.m2ts) 2454,
25 (00002.m2ts) 245B, and (00003.m2ts) 245C are located in the
STREAM directory 245. An "AV stream file" is the body of a video

content and represents video, audio, subtitles, etc. The types

of AV stream files are a 2D/AV stream file, a left-view stream
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the item"title 2,"BDJO-2D, includes anapplicationmanagenent table rel ated
to pl ayback processes for 2D video i mges using the first playlist file
243A. When the playback device 102 refers to the item"title 2," then in
accordance with the 25 application managenent table in the BD-J object

BDJO- 2D, fid elagar bgpt i chew et queoy Eakbei sandla ddpthomp BY dpReén| il 7A and
executed. In this way, the first playlist file 243A is read fromthe disc
101, and PRBYBAcRtpramesies"f befoDs Vicdan Aagsseamefidgethabdcam kacor dance
with the specifications therein. [0056] "2D/ AV Stream File" [0057] 5The
first ARSHG edpreifer pdsxbaskaofidh vadest ieages nWPELeEtt v aRYportean r eam
(TS) format. Apluralityof elenentary streans are nultiplexed in the first AV
st ream fiiE 2454815 §O a0 AVasEERaRat L& dT ABF @PTRREN nghe | kSfent \kSM st r eans
multiplexed in the first AV streamfile 245A. The f'i rst AV streamfile 245A
shown 165 APFY {99 1TRISRIeS A pARary Vi Bebeat iehle 4oetens kar 52 ahNi o
streans 402A and_4023, presentatjon graphics (PG _streanms 403A and 4033, an
i nter acﬁAE\fegadrf %&HFCEGPF%GEFFggn?H%J? 1@5%‘0‘%%"& Y PG 1EEPeIHRIADS A and

4053, arlqaf%—%%Ce%ng%%a%ugifeSéﬁf%mréggt—ngéﬁ tream file are used as
a pair to display 3D video images. A "depth map AV stream file"
refers to an AV stream file representing a depth map for 3D video

10 images. A depth map AV stream file is used in combination with
a 2D/AV stream file for playback of 3D video images. In the
example shown in Fig. 2, the first AV stream file (00001.m2ts)
245A is a 2D/AV stream file and is also a left-view stream file.
The second AV stream file (00002.m2ts) 245B is a right-view

15 stream file, and is used in combination with the first AV stream
file 245A for playback of 3D video images. The third AV stream
file (00003.m2ts) 245C is a depth map AV stream file, and is
used in combination with the first AV stream file 245A for
playback of 3D video images.

20 [0046]

Three types of clip information files, (00001.clpi) 2444,
(00002.clpi) 244B, and (00003.clpi) 244C are located in the
CLIPINF directory 244. A "clip information file" is associated
on a one-to-one basis with an AV stream file, and mainly

25 represents the correspondence between the presentation time of
the video shown by the AV stream file and the logical address
in the AV stream file. The types of clip information files are

a 2D clip information file, a left-view clip information file,
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15The primary video stream 401 represents the primary video of a novie, and
t he secondary video streans 405A and 4053 represent secondary video of the
novie. The primary video is the major video of a content, such as the nain
feature of a novie, and is displayed on the entire screen, for exanple. On
t he ot hed RBghhndievheldecondmmymatidgued Fslai spind/edl depiht aweousliPwith the
primary video with the use, for exanple, of a picture- in-picture nethod,
so t hat ¥HOBWGHIREYLer 48 dhageslireinfepnaleeniii lesshespertivatbw
presented on the full screen displaying the primry video i mage,_ Each video
st ream i PHRRALIRG Fovp Y BS S@éﬁﬁf“egéﬂém AGHd 1o areERsgamstit ke as

MPEG 2, MPEG-4 AVC, or. SMPTE VC-1. [.0059] The prinary audi o_streans 402A
and 402 reftesenttw RETSHT ddrle -addfo oflePhé Revi 8V Reream halewolPri nmary

O T eSS0 o bhE s SO Eerma By o ©
AT mu L LR SIG0Iet DL BTG SUEh DR G B Pl a2l Pl s
Vbdul at (B0 O0B0T g PrRPFARHeE 408 A ERI H0aAT aRr EL O SaBELtPLs of the
é?f ;ne)\r/ieﬁ%t ar@ﬁéggé( d?@eo%; '%?)eg%géojﬁgee%%gé%éﬁegigﬁgg}tﬁoca te&gjlerl(raff;%ge?f ace

(GU) oragdyes. &fgér}ip)on‘é%% f‘Qdath%gﬁ&%@%gegé%%ﬁt‘gg}%gfforﬂa%rifggnf%?ﬁi ng an

interactive scre on the screen Int evi ce 0061]

The, gl ergit Al Sid SR ARhe408-808 A@%’éﬂéa{n?,dfitllédlﬁzg%ﬁ%tz. D s Phlsp. For

exanple, the primary video stream 401 i s assigne exadeci mal val ue of

Ox1011 apna tlig Equpriiﬂmfmaacq@rp ratleam® 0432413939 4Q43% akesegeprAssi gned
any value from 20 OxI100 to Ox111F as PIDs. The PG streans 403A and 4033

are eachnaeﬁsiﬂggeﬂngaymaah@ﬁ £ 1 0 Dehdibdra i@l 26t as kg alhect-&nmt r eam
404 is assigned any value from 0x1400 to Ox141F as a PID. The secondary

Vi deo stfEpdrs( dddes antk A0 s e each assigned any value from Ox1B0O to
Ox1B1F as PIDs. The secondary audi o stream 25 406 is assigned any val ue
from Ox1p@fs1lo0 Ox1ALF as a PID. [0062] Fig. 5is a schematic diagram
showi ng the arrangenent of packets in each of the elenmentary streans 501,
50415507, 510 Three types of playlist files, (00001.mpls) 243A,
(00002.mpls) 243B, and (00003.mpls) 243C are located in the
PLAYLIST directory 243. A '"playlist £file" specifies the
playback path of an AV stream file, i.e. the part of an AV stream
file to decode, and the order of decoding. The types of playlist
20 files are a 2D playlist file and a 3D playlist file. A "2D
playlist file" refers toaplaylist file specifying the playback
path of a 2D/AV stream file. A "3D playlist file" refers to a
playlist file that specifies (i) the playback path of a
combination of a left-view stream file and a right-view stream
25 file, or (ii) the playback path of a combination of a 2D/AV stream
file and a depth map AV stream file. The first playlist file

(00001.mpls) 243A is a 2D playlist file, and the second playlist

file (00002.mpls) 243B and the third playlist £file (00003 .mpls)
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34 multiplexed in the 2D/ AV streamfile 513. First, a video stream 501
having a plurality of video frames 501 is converted to a series of PES
packets 502. Then, each PES packet 502 is converted to a TS packet 503.
Simlarly, an audio streamhaving a plurality 5 of audio franes 504 is
convert exrd hbogha3B egrliags isft PESepackesrilsulafrt, ewhehixthviies teages is
converted into a series of TS packets 506. Simlarly, the PG stream 507 and
the |1 G sirepdryed kack dovrethedamitinaeiorofof IRES prcketsrsad Ghte 511 and
afterwards_are converted into series of TS packets 509 and 512, 10
respect i @, rigBEtyievhekeeans fjdeketyesoscoBdm 1m0 stafd 151243Bel s
time-multiplexed into one stream513. In this way, the 2D/ AV All stream
file 5135ed coistthgcPbber[baed] when 3D vidgq dgages dse BLaEash baclkn
exanpl e, details regarding 15 packetization of the elenentary streans shown
in FPg. Bro &hsr 6oMRénabaPBWRE [ERAPV streampfile mnd agdephBnRETeaMi agr am
shomﬁngj%ﬂf pictures 611-614, ..., 621-624 jncluded in the video stream 600
in the § et 15 R/Jfﬂyéﬁﬁ%e@l]a? 2 Sptayeed Each picture 611-614,

. 62168%ﬁ3represents one frame or one field of video data. In the video
st ream 600, Hach picture 611-614, ..., 621-624 is conpressed with one of

h b - i i d i di hod h EG 2.
barooes) A R Eb R B e Rk AR C B Do 4PRe L8 0B e R TBnEE encodi ng
hod i ' t Lal t .al d He i ct
g'rslf:ogi ng a%ﬂ%ﬁ%gg g&?h?%% G‘rjgcg]%J gcgglﬁa Egggﬂlnngca%n%%/esi ?r g%?gjr?cegrteo as

of M3 Bt RnRotrd polh SDFOL L JNe A KBRRGTLTGalI8 2 uoPs the

simlarity en ‘data e pictur sequen |al‘-fly is

ref el eidya a9 rd i PraRl Al HE CnBLAALE! LY (HRCOAIRMacK i dL e o P! £H1T €

predictive encoding, first, a picture earlie ater 1n presentation tine
i s assi gnaed i@ the pisddd&d efh_ei@mgqeagfb%%maﬁ&fg%fawﬁ%s%éﬁaégi? ext, a

notion vector is detected between the pircture to~be encoded an e

ref er encenddipei-Ur 8pjaRE 1HeR-IDLd PN CANBERS AL EPM d:5gResd e aushagat he 10
notion vector. Furthernore, the difference val ue between the picture after

noti on caMpeBsEikeN TardBD he diijddt ento ube sene aged iics tSUhhnagldehenpor al
redundancy is renoved using the difference value. In this way, the anount
of wata HaWleatcld piehti€icatdonpiAsSeflation for the playlist file to
which is referred. The application management table is a list
of the Java application programs to be executed by the Java
virtual machine and their period of execution (lifecycle). The
identification information of the playlist file to which is
20 referred identifies a playlist file that corresponds to a title
thbe played back. The Java virtual machine calls a BD-J object
in accordance with a user operation or an application program,
and executes the Java application program according to the
application management table included in the BD-J object.
25 Consequently, the playback device 102 dynamically changes the
progress of the video for each title played back, or causes the
display device 103 to display graphics independently of the

title video.
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15[ 0066] As shown in Fig. 6, the pictures included in the video
stream 600 are generally divided into a plurality of GOPs 610 and 620.
Here, a "GOP" refers to a sequence of pictures starting with an | picture.
An "I Picture" refers to a picture conpressed 20 by intra-picture encoding.
A GOP geh@94Ply has a P picture and a B picture as well as an | picture. A
"P picture" refers to a picture conpressed by inter-picture predictive
encodi ng, havikhdABsad casYaAYYef parhed 73 ts loeagiechir the JARdttraceoceqr|ier in
presentation time or a different P picture. A "B picture” 25 refers to a

pi ct ur e THNprEks ehhydinaaion &4 geprestildni vacdndedi agplhaailagyuséd two
reference pictures that are | or P pictures earlier or later in

pr esent RPYEES CFelaYDOBP ication progranysodraapeeutadrigaceordancei ct ur es
in the GPs 610 and_620 are conpressed in_the follow ng order. First, the
first pi%¥ttldds APEEECRLECRMPBERNANE tokpresien 48 the Rtupbiett-and 17
pi cture 621 respectively. Here, the subscripted nunber 5 indicates the

sequent iA19 R P L1 BGHEI PEGIE RN 1 i Rt RV S TPl HF QI Rt YBH 5e8séRt at i on
time. Next, the fourth pictures in GOP 610_and 620, are conpressed as P3
picture %ﬂ‘ﬁphﬂﬁréiaélgﬁﬁggﬁ%c%ﬁﬁ %V?pgﬁtqg‘kf‘e?'iﬂfeu?isnbs FeeRR1lPBI6EE - and 17
picture 13_)/2}% é%gtfivas%ge&\%l?_tr.especél J\:/gl % as .a ref erenge pi cture, ﬁs .

i ndi cat ed? By 62 SPPoWS & OF B9 2R T SREBAHCRAS I 1P pPEtures in
the firs ; r npressed as . Bi _piciure 612 and. By picture 13

r espect i%/%ﬁgfl%?lﬁgl ﬁﬁéﬂé@?ﬁ%lgxfaguﬁec?g?ggﬁﬁ Oa%& ?h%lf e~ BF pPtture 614
second P oIS B Eme clle Fkk L BT R BN 1 s B < YR Eaes
respecti i n =i er pk gt yr E=1eTo ] J-at er, Ri [cture
624 as r%ﬁ?’eéﬂic%éb?ﬁ%?g’? f\%ﬁgnzééﬁ‘s%%u%n%a‘g%é ur es\;é;% tléL%'t gdPghg%lcture
614 exis{y iaSrddy bbhaHd [ CO N - [ ik

conpr esse%.l [ 0068] 9§0Ién§%%}|’s m%qpéséeggg%' %ﬁ%%ﬁg@%@gﬁtlg %gEgﬁniﬁ_lpi cture
at the tfmot{e fh ULy AGRVEOREAN he 1d8C sk sexappka, 1hn the
first GOP 610, the lo picture 611 is first decoded al one. Next, the P3

pi cture fdfoiyp. decoded using the decoded Io picture 611. Then the Bi
picture 612 and By picture 613 are decoded using 25 the decoded Io picture
6111and RBopdrture 614. In this way, the video stream 600 can be randomy

accessed in units of GOPs . Therefore, editing or playback of the video
stream 600 camnMdyee parefcarftech 1ilny unites difrdd@Rary £i[lI@06%ructure 204 is

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
20 in the volume area 202B of the BD-ROM disc 101. By tracing the
above-mentioned file identifier descriptor, a series of file
entries in each directory can be found sequentially from the
ROOT directory. For example, the file entry of the ROOT
directory can lead to the file entry of the BDMV directory.
25 Furthermore, the file entry of the BDMV directory can lead to
the file entry of the PLAYLIST directory. Similarly, the file
entry of the BDMV directory can lead to the file entries of the

CLIPINF directory, the STREAM directory, the BDJO directory,
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Fig. 7 is a schematic diagram showi ng details of the data structure of the
video stream 700 As shown in Fig. 7, in addition to the bodies of the GOPs
610 and 620 shown in Fig. 6, a header 5 is assigned to each picture 611,
612, etc. in the GOPs 710 and 720, which constitute the actual video stream
700. Thiankdis nBAR chingctoteaiegasind the body of each picture is called a

"video access unit." In other words, in the GOPs 710 and 720, each picture
is organi®&dllas a video access unit 711, 712, etc. 10 Each picture can be
read fromthe video stream 700 in video access units. [0070] As

shown in Fig. <PatehStistiifeefacdedsdan tComenty the GOPs 710 and 720

i ncl udes_the body of the I picture 611 and a 15 header. The body of the |
pi cture PPP3)s stored as conpressed picture data 711E. The header i ncl udes
an access unith%\%) iLdentification code 711A, a sequence header 711B, a

pi ctare headerr®P11B11oMdTguppFekeRear yra A3ty sru enpti arfRiFikati on

code 711A is a predetermned cade indicating the top of each 20 picture
access &ﬁ%?cﬁ%fé&ﬁhc%l%&?o% %12@ P PP a X R |, tR%ic) udes
i nformatj on _sh . by the ol 710, e.gQ. e resolution, franme rate,
aspect ratigc, og{n?djbli%s rat et\.%]er@‘ﬁ c‘%%ﬁ%é%%@ge%‘}guc i ncl udes i nformation
necessart/[c}]d‘g decoding of the | picture 611, such as the encodi ng net hod,
etc. 25 e s]uppl enmentary data 711D includes additional information

regardi ng questipns Qthes, 1] he, %%%Odfr{&ffﬁbﬁ%g picture 611, for

exanpl e cl osed caption text intormation, as we as time code information.
The; gecopyh=) subsequent video access 38 wunit 712 in the GOPs 710 and 720
has the sanme structure as the first video access unit 711, with the

exception thatrrf bge RSREARTI HPRF NP 3 @éﬂ@vﬁe%’@é@%@a@Q%qfea%h The

i
actual content of each élenent i'n the video access units 7 vari es

accor di nhebitemthia wencodi ngyamBimodntohgkhe, Yrde® St : anpl e,
when t he enéodrinng nethod i s MPEG 4nAVC, the\g\lfigdgo aggg‘@?ag%i%g%ﬁgés

conpri se gilayieK abirbie8beNAEHNILS, vadsot hRalWsi dentisf igat | orvgode 711A,
sequence header 711E, picture header 711C, and Supplenentary data 711D

respect iplelyy icar féspopd3A0 WiemntbAUpdakbackedetAecess WrifleriBetbmner), SPS
(sequence paraneter set), PPS (picture paranmeter set), and SEI
( Supp! eneremal t Enhancenrehenlinf acpairdanye WO thehh@vid obg eatachensb j ¢
di agram showi ng details of a method 15 for storing the video stream 801
i nto PEShsadkietsss g0aylHerte,file 243A is read from the disc 101, and
playback processes for 2D video images are executed in
accordance with the specifications therein.
[0055]
20 In the example in Fig. 3, the BD-J object associated with
the item "title 2, " BDJO-2D, includes an application management
table related to playback processes for 2D video images using
the first playlist file 243A. When the playback device 102
refers to the item "title 2," then in accordance with the
25 application management table in the BD-J object BDJO-2D, a Java
application program is called from the JAR file 247A and
executed. In this way, the first playlist file 243A is read from

the disc 101, and playback processes for 2D video images are
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In the actual video stream pictures are nmultiplexed in the order of
encodi ng, not in the order of presentation tinme. In other words, as shown
in Fig. 8, in each video access unit conprising the video stream 801,
picture yyl, P picture yy2, 20 B pictures yy3, yy4, etc. are stored in
order frexetheedopn Jbeotrdance uwetlyythésspsetdfasatiopfetbareipicture for
encoding the P picture yy2, and the | picture yyl and the P picture yy2 are
used as t@Pe6Ence pictures for encoding the B pictures yy3 and yy4. Each of
these video access units is stored as a difference 25 PES packet 802. As
shown in Fig. 82R6EH FESamckete:802 i ncl udes a PES payl oad 802P and a PES
header 802H. Each video access unit is stored in a PES payl oad 802P,
wher eas €@@h7PES header 802H includes a presentation time for the picture
stored in the PES payl oad 802P in the same PBS packet 802, i.e., a PTS
(preSent at i on TherEiEEaY strapd k@ 48Pnks aidha ¥l shecpMctuMBEGr2e. a DTS
(decoding time-stanp). [0072] )
ransport str¥eam (TS) format. A plurality of elementary streams
are multiplexed in the first AV stream file 245A. Fig. 4 is a
schematic diagram showing elementary streams multiplexed in the
first AV stream file 245A. The first AV stream file 245A shown
10 in Fig. 4 includes a primary video stream 401, primary audio
streams 402A and 402B, presentation graphics (PG) streams 403A
and 403B, an interactive graphics (IG) stream 404, secondary
video streams 405A and 405B, and a secondary audio stream 406.
[0058]
15 The primary video stream 401 represents the primary video
of a movie, and the secondary video streams 405A and 405B
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
20 hand, the secondary video is displayed simultaneously with the
primary video with the use, for example, of a picture-in-picture
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 video
25 compression encoding method, such as MPEG-2, MPEG-4 AVC, or
SMPTE VC-1.
[0059]

The primary audio streams 402A and 402B represent the
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As with the video stream 801 shown in Fig. 8, the other elenentary streans
shown in Fig. 5 are stored in PBS payloads in a sequence of PES packets.
Furthernore, the PBS header in each PBS packet includes the PTS for the
data stored in the PBS payload for the PES packet. 10[0073] Figs. 9A, 9B,
and 9C smhiomaty eakblip shdet hevier aref thelSwparkieta90sudnd stseamse packet
902 constituting the 2D AV streamfile 513. The TS packet 901 is 188 bytes
| ong. AstG&Howmd BOEBgar®An tdid FES quar KetnPBRldss. Thrpesedndbry dudyce | ong
TS 15 header 90111 and a 184-byte |l ong TS payl oad 901P. The PBS packets in
whi ch eafiresdm t 5126 et epeasenys sseeandasoamdie Kiogbess mictedtwide bhe
typically divided into a plurality of sections, with each section being

st ored iREIMREYT SUsHYR -0&@ 0 aRddP &tdepiedenenredgsc ket 200¢thedchuds header
90111 includes a PID. The PID 20 identifies_an elenentary stream having

dat aSst e + RelpRSDigvitadd Pausp (WRed bivh@iggsagdcREt 2gbegigtered
reconstructed fromdata stored in the TS payl oad 901P of the sane TS packet

001. WherradrRmaiay YPeaR¥S | dP593tAd WFRERERT 0P YSHE™BD- FEFA 8F8Ee401, as

shown 11l GserdBon A 9 S O PR TEP 1 EEEE0SEL 088 atiom) .
[0060]

The PG streams 403A and 403B represent subtitles of the
10 movie. Here, the PG streams 403A and 403B represent subtitles
in a different language. The IG stream 404 represents graphical
user interface (GUI) graphics components, and the arrangement
thereof, for constructing an interactive screen on the screen
131 in the display device 103.
15 [0061]
The elementary streams 401-406 are identified by packet
IDs (PIDs). For example, the primary video stream 401 is
assigned a hexadecimal value of 0x1011 as a PID. The primary
audio streams 402A and 402B are each assigned any value from
20 . 0x1100 to Ox111lF as PIDs. The PG streams 403A and 403B are each
assigned any value from 0x1200 to 0x121F as PIDs. The IG stream
404 is assigned any value from 0x1400 to 0x141F as a PID. The
secondary video streams 405A and 405B are each assigned any
value from 0x1BOO to 0x1B1lF as PIDs. The secondary audio stream
25 406 is assigned any value from O0x1A00 to 0x1AlF as a PID.
[0062]
Fig. 5 is a schematic diagram showing the arrangement of

packets in each of the elementary streams 501, 504, 507, 510
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25 is further added to each TS packet 901. The header 90211 particularly

i ncludes an ATS (Arrival _Tine_Stanp). The ATS shows the transfer start tine
at which the TS packet 901 is to be transferred to a PIDfilter inside a
system target decoder, which is described |later. The 192-byte |ong packet
902 f or medl thypoerdsd nnnghé KDY Ak atlera®0Rille Viitth FiTStpaxketie@04tisawal | ed a
" source packet . " This source packet 902 is witten in the 2D/ AV stream
file 51F0Cdmsaiqerd plurzs ishowt videiq.fre@es B915 il gpalveryedf teoar ce
packets 902 is sequentially arranged in the 2D/ AV streamfile 513. The

sour ce REKEasofEESDPackssEdl Taernal cacimBESEckal PAG tsoponrerhed2D AV
streamfile 513 in the order 0, 1, 2, etc. The serial nunbers are called
SPNs (sdiff eelprarbetfifoefinilaglyoas) audio stigrm hgasgdef PLREaYStPacket s
contained in the AV streamfile include not only those that are converted

f r onPt hePfel3BiER XpMeEr 84 18hEARVERT EHENEE aiE et BESoPackAYS(Progr am
Associ ati on Table), a PMI_ (Program Map Table), and a PCR 15 (Pragram O ock
Ref erencd®> A& hisir Ehadfd SPATSEr éssﬁ%’aV?Féﬁdb&n‘EBurao&@&ﬁeﬁ gitt &P

Br oadcast i ?f%%%%argiggﬂa?ég i%gg}dﬁegg%%aée g%laﬁé%%g%wfg%al trSfilfr)lsport
stream i T r i " ) PAT>he AV
streamfile can Ibegr gul at ed !On.the a t he ri nspqrt
Stream Y EREVEEEPY. TS P LROvEE: N b oRe b pRRS! AtldehE | RBfhe same
AV strea gi le._The PID of the PATti tsel.f iszrSThekPl\élT I §I U%e§15he Pl Ds
for the % eenre‘“r’\&flér%agtercé%ﬁ%err S?ielsnen? iSnegrl\?lsdgo, abdi o gu%{)]l €57 st c.

i ncluded i . rea i emsa LL_a he trdute _in mat i on
of e e éeér:%%%]glr‘f/ggr ?';én%l repr{?l\%le ’z“§ g \sggeiltﬁcﬁaéég@%’rigool%’ é—lgc%?%tors

rel ati “9?113?0 e —ﬁ\il@i?ﬁ%@eﬁ !VLAﬁtoU}fe desenipd0f s Iﬁg{}g\;g%?g Lﬁ%% IEF»'/H@}e copy

control 1 nformation show ng et her copying of t eis

perm tted; ol A0t A6 POR sioresnsplQepglion indicating the value of an STC
(System Time Cock) to be associated wwth an ATS of the packet. Here, the

STC is ajgdosK used as a reference for the PTS and the DTS in a decoder.
Wth the use of PCR, the decoder synchronizes the STCwith the ATC that is

the reference yoind he PiddS. stP8dR]as an exﬁhﬁlelodie%aélgpl‘&% ke ndi agram
showi ng the data structure of the PMI 1010. The PMI 1010 i ncludes, fromthe
t op 1thergpikettd PMIidweader tA80dlenept HE®l sty ecamsdenewnptiar #i4003, agad a
provided below.
[0064]
Fig. 6 is a schematic diagram showing the pictures
611-614, ..., 621-624 included in the video stream 600 in the
20 time order in which they are displayed. Each picture
611-614, ..., 621-624 represents one frame or one field of video
data. In the video stream 600, each picture 611-614, ...,
621-624 is compressed with one of the above-mentioned video
compression encoding methods such as MPEG-2.
25 [0065]
Compression of each picture by the above-mentioned

encoding method uses the picture's spatial or temporal

redundancy. Here, picture encoding that only uses the picture's
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10 plurality of pieces of streaminformation 1003. The PMI header 1001
indicates the length of data, etc. stored in the PMI 1010. Each descri ptor
1002 relates to the entire AV streamfile that includes the PMI 1010. The
af orenenti oned copy control information is described in one of the

descri ptogras iH002edBadhnty i3 ee€catrest team ' hhoraapionut8Gheeiiaies' to a
different one of the elenentary streans included in the AV streamfile, and
each pi éoe tdfe sttheamhanfior paticonel&f8odéngsshghedses thalidfrerlentitef enent ary
stream Each piece of streaminformation 1003 includes a streamtype 1003A,
a PI D 1663 1&ecme@dta soremml2Opdespitptives1@08C]afhé seqieamtigpby 10O3A
includes identification information of the codec used for conpressing the
el enment aofexmashmtoThaspPl Dinoegspintditeat esrefiecPiteof entredshentntEmy
stream The stream descriptor 1003C includes attribute information of the
el enent dRFSREGRURUBRedd CA1VeRRCIBIRT afd r&T a8 it yng Parl2sFooy 6]

By using§EFR,,PNW, and PAT, the decoder in the playback device can be made
t o procesEathe TARTSRFEHRFIT £30F thfe TG &3 thee DEFEYLEE & PBport
streamin the Furopean Digital Broadcasting Standard, In this way, it is
possi bl EAREERR BomShSIRTGE yPhetWeen Nemtay RcROBATRCdSCEPTheBD- ROV sc

101 and term pal device_conformng to the European_Di gital_Broadcasting
St andar G EEGGH PSSR 59 RLGFTGE bR BFI EACPBBispnd the referende s g

ST g s TR - Al A
B g 0
el U e i DEOCEL .o LM ALL B 11 DLSCTEN b HiRgeg 2,
1101 | 1o yEs,geBy Ll | oL 1A oSG S v OIS A0

of _the ianehein spasshal. whi obn IS,paCkens” sk I 1dlc 2O Siggam file

245A are transferred fromthe read buffer in the playbac evice 102 to the
syst em tArgeirdecodmp 4 hat the read buffer and the systemtarget
decoder "are described later. The interval between the ATSs of the source
packets [iopddie first AV streamfile 245A is set so that the transfer speed
of the 25 TS packet is limted to the systemrate or |ower. The playback
start tinme 110k3sheéncahesigheePTohefpibeuvedednataasa uni théogoded at the
top of the firstAV streamfile 245A. For instance, the playback start tine
11013 showseenhe oRTSref géhersdpyvditedded into a plurality of GOPs 610

and 620. Here, a "GOP" refers to a sequence of pictures starting
with an I picture. An "I Picture" refers to a picture compressed

20 Dby intra-picture encoding. A GOP generally has a P picture and
a B picture as well as an I picture. A "P picture" refers to
a picture compressed by inter-picture predictive encoding,
having used as a reference picture either an I picture earlier
in presentation time or a different P picture. A "B picture"

25 refers to a picture compressed by inter-picture predictive
encoding, having used two reference pictures that are I or P
pictures earlier or later in presentation time.

[0067]
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43 frame. The playback end tinme 1101C shows the value of the STC del ayed a
predetermned tine fromthe PTS of the video access unit |ocated at the end
of the first AV streamfile 245A. For instance, the playback end tine 1101C
shows the sumof the PTS 5 of the |ast video frane and the playback tinme of
one franme. [0080]the examplieginlPTips &,sthenptictudeagiantkbo®bhg 6¢he dat a
structure of the streamattribute information 1102. As shown in Fig. 12,

t he st r eaid &20r Rbatapnipesaest Lot G2 lilowh bl deas icisdt i hpelbitde Pl Ds
1201 for each elenmentary streamincluded in the first AMstreamfile 245A
Wi th pi evestwfesaitin idiR &1handngtlorrE Gxmpgsssedeach Ipi ptetofeattti but e
information 1202 is different depending on whether it corresponds to a

vi deo st3hr7 BACEWHEE 003t eafped PG 1t + dtane othgnshbssripaad manberanpl e,
the piece 15 of attribute information 1210 corresponding to the PID Ox1011
for Phe IFHRAVCTCHSSTV AR T heT ey alépgbedtypeachmicisete fior thae
conpression of the video stream as well as a resolution 1212, an aspect
rati o 12enRf PUSSGRFATEAR 1298 f HeXthe thcc EorEshcBASEREREI 48 $RR vi deo
stream th%tggher hand, the piece_ of 20 attribute information 1220

corr espdhid! AG% 820 HEF PIBTEFEEFES 8F RnBIFFIKREr S AFRD Pat PeSkFRcPtdles a
codec type 1221 used for. conpressing t audi.o_strea a nunber of channels
1222 iru#%ﬁﬁﬁf %V%i%?zﬂﬁﬁqg‘ °r8&ﬁfugelgﬁﬁu§§@'f22 }cghﬁea6%5nb?iﬁﬁe
frequenc I ack device 102 uses .these pieces . of attribute 25

i nfor mt%/%r&lg%§2¥? %pfgﬁi%gi?’gﬁ?’z%staﬁere SCoUer. Iﬂﬁr}éﬁe’ as 1nd%Fa.%e? is a

sch ti i i g At h t t f nt map .1103. As
sho?mgai nﬁﬁjéﬂqrfgﬁ] ﬂtqﬁ%! 'nt(sr'y'%lflr%ffjll t%i%fg e%f?ﬂﬁ %(r:l u%%gg? gqoﬁéet)s{lﬁe‘!%flnv\gﬁ%h are
assi gnede i i t i g V &am fdq . bl e 1300
corres pgfnld%%/oéétﬁﬁgﬁglr %@#@Erc b?l ﬁgggssg%ig%tesdé\l/i e% str eéalrrzle aé;&géztgﬁfguﬁgoo

i ncl ude l-ur.ad i i 302. The
5 entry S e e R B e e e R e PPt % 200

and the g,obabcaveahers b otdYehad E)ti%tjcﬁQ?s 1 Behydgd1in e el 430. The
entry point 1302 shows a pair of PTS 1303 and SPN 1304 in correspondence

with a diffef patrapbeyinBheld2ddzR 6BP 430 areThomtls: 43934 5, fﬂé‘b\iﬁéent to

the PTS for one of 10 the |I pictures included in the video stream
asshBi atexd whtilBgeidtwee 6RoNrdsiidlt el pPNsE 3 he caaiiea Bnpiteutbe SPN

for the top of the source packet group stored in the corresponding |

pi cture.621 and the later P, picture 624 as reference pictures. When
subsequent pictures after the P; picture 614 exist, as in the
first GOP 610, these pictures are similarly compressed.
[0068]

20 In this way, as each GOP always contains an I picture at
the top, the pictures in each GOP can be decoded. For example,
in the first GOP 610, the I, picture 611 is first decoded alone.
Next, the P; picture 614 is decoded using the decoded I, picture
611. Then the B; picture 612 and B; picture 613 are decoded using

25 the decoded I, picture 611 and P; picture 614. In this way, the
yideo stream 600 can be randomly accessed in units of GOPs.

Therefore, editing or playback of the video stream 600 can be

performed in units of GOPs.
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[ 0082] 15Fig. 13B schematically shows, out of the source packets included
inthe first AV streamfil e 245A, source packets whose correspondence with
the EP I Ds 1305 are shown by the entry nap 1103. Wth reference to the
entry map 1103, the playback device 102 can specify the SPN within the
first AVIGag®lam file 245A 20 corresponding to a scene at an arbitrary point
during the playback of the video fromthe video stream For exanple, to
execute trick@igy. Suth aaschesatiordisagiram shewimd, débaips afbabk dmvace 102
specifies source packets of the SPNs 1304 corresponding to the EP I Ds 1305
by usi ngsthecpne pEidpe 11080 258 ramth 3@0 edisi skedwn axtFigpt ¢, dmdadidtotes t he
source packets. As a result, the | picture can be sel ectively played back.
Thus, t Heo pihey badkegewt (félel@@P@aﬁléfaﬁl@@?ﬁ Ishopar tarFad « ok pl 2§29 T hout
anal§2|ng the first AV streamfile 245A. [0083] "213 Playlist File" [0084]
Fi g. 214 1S s signafhtrcearpiat e willy e dats- st dtutoPs 302043
playlist file 1400. The first playlist file 243A indicated in Fig. 2 has
this dat®$tr ¥EiGhe. COpREPIEES| SPe |%‘Ft‘ﬁ4evﬂ-§@@ spEEE#P ed Gohe 'E]P-h?back
pat h of t 2D/ AV stream fil e 1404, i t he_sections P1, P2, and P3 of the
213/ AV scf?‘@é’rﬁ?‘fjr%n Pho# HRpdar A0 ttéleoé’oﬂlé'c%e%ﬁc%?l\%‘ireaést fRlbfder of

d d 0 f. The 213 file 1400 fi h
i A el S AU ot SR LRI, <
converted éo SQ@@ of th ﬁy sgg amfi 140% u% n% tgergg gllnfo natlon
file 140%"’1 SIS TI RS TF BVSA?/ s%‘?%%r% 9°8 140 Pest t he

rangs ofx £AEh.SERLLOL Phe P2, ARG PR 5: 45, SRSALE A N P, Mot that,

unI| e sec can "be S8ction of a
dlffereq%:ﬁy strean1flle t han the 213/ AV streanlflle 1404. [0085] As shown
in Fig 4, "The 213 playlist file 1400 includes 20 at | east one piece of
playitemdd4g; i nformation 1401. Each piece

As shown in Fig. 7, the top video access unit 711 in the

GOPs 710 and 720 includes the body of the I picture 611 and a

15 header. The body of the I picture 611 is stored as compressed
picture data 711E. The header includes an access unit (AU)
identification code 7112, a sequence header 711B, a picture
header 711C, and supplementary data 711D. The AU identification
code 711A is a predetermined code indicating the top of each

20 picture access unit. The sequence header 711B, also called a
GOP header, includes information shared by the whole GOP 710,
e.g. the resolution, frame rate, aspect ratio, and bit rate.

The picture header 711C includes information necessary for
decoding of the I picture 611, such as the encoding method, etc.

25 The supplementary data 711D includes additional information
regarding questions other than the decoding of the I picture
611, for example closed caption text information, as well as

time code information. The second or subsequent video access
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of playiteminformation 1401 is identified by a unique playitemI|D. Each

pi ece of playiteminformation 1401 specifies a different playback section
in the playback path via a pair of PTSs. For exanple, the first piece of

pl ayback iteminformation 25 Pl 41 specifies the first playback section via
a pair aniRTS32Tin tlepressrentriinganbde730dtids tihee saaed st2ucrepeesenthang t he
end tinme. The start tinme Ti and the end time T2 are converted into SPNs Al
and A2 imintdtev2BeaA\astesammfiit 211404 tiy thei exgeepiei @i I hadd theihdzotemt | on
file 1403. Asa result, the range of the section Pl that is to be decoded in
t he pl ayback nodcinohudls & pecgueneed bgathe BPNB. Alheapd tA2latortehero®end.
Simlar to the PI#1-3 shown in Fig. 14, when a plurality of pieces of

pl ayi t eredaif eLanenbrirsthaoridaearcessduti it 7ihe T2 pRAVESACEPF@LIGA00, t he
order of the recording is indicated by the order of the corresponding

pl ayback® &drs gnsofangheephagbbek e idesy etrere pPAybEek PRATPHE, a series
that |inks the playback sections specified by the pieces of playitem

i nf or matiHR 4wl epsodengr relhed 3 MPEGH RAVID FREhVLIArQr 2RERRBrEll series
of pieces of playiteminformation Pl4*1-3 that specify a main _path _are al so
referred o ’ag FREPTAEPH odt 1® RABSALEBESEE P 28 pFayl PEE fSHS% AY%00

further jpcludes an entry mark 15 1402. Tge nt r%/ mar k . 1402 indigat es a
Lime poitACHTE 4 A Thifth CRAEN b5 HSSUESSE TRARFT T el i650ES BFRGht 1y mark

1402 i d | back i defi d th | i
o e o S g Be e Saa b R BBt e Y SOR BRI ant vy

mar 1402 e.assigned, to one piece aof .playitem 2Q_information Pl #1.
Theként r“’lyrl n%‘?ﬂ ?36 m%{égjﬁar HE‘%% Ed wnulgced% (%rlm§>eé§F§Hi ngp}sor ?%e%ltl%rrl eposi tion

~of playhagiepian, - aligm acasss |5 dadce Weladdee£D play] | sind! | £r1400
defi nes "a pl ayback pat’h for a Ie |€%I , Tor rnstance,’ the entry marks
1402 my(%ﬁéﬁ&p&dl t%ﬂi}&éﬁ&@flﬁf&ﬂnwﬂr- Consequent |y, the pl ayback
[0071]
Fig. 8 is a schematic diagram showing details of a method
15 for storing the video stream 801 into PES packets 802. Here,
in the actual video stream, pictures are multiplexed in the
order of encoding, not in the order of presentation time. In
other words, as shown in Fig. 8, in each video access unit
comprising the video stream 801, I picture yyl, P picture yy2,
20 B pictures yy3, yy4, etc. are stored in order from the top. The
I picture yyl is used as a reference picture for encoding the
P picture yy2, and the I picture yyl and the P picture yy2 are
used as reference pictures for encoding the B pictures yy3 and
yy4 . Each of these video access units is stored as a difference
25 PES packet 802. As shown in Fig. 8, each PES packet 802 includes
a PES payload 802P and a PES header 802H. Each video access unit
is stored in a PES payload 802P, whereas each PES header 802H

includes a presentation time for the picture stored in the PES
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25 device 102 can play back a novie title starting fromany of the
chapters. [0087] Fig. 15 is a schematic diagram show ng the data structure
of playiteminformation 1500. As shown in Fig. 15, the playiteminfornmation
1500 includes reference clip information 1501, a playback start tinme 1502,
a pl aybaskyeogdt isteFl503, eheomnaed | ETOopdLkean 4694, iand a st ream

sel ection table 1505. The reference 5 clip information 1501 identifies a
clip infoprasentatide tihet sitampdcesis@raydéosdingwenid ngr RESspiotGPels . The
pl ayback start tinme 1502 and the playback end time 1503 respectively

i ndi cat ei tde PTIBS ofdedmdimg @imetdeaepd. of the section of the AV stream
file to be decoded. The pl ayback device 102 refers to the entry 10 map from
the cliplodfa2kmation file indicated by the reference clip information 1501,
and obtains SPNs respectively corresponding to the playback start time 1502
and Bhe pl aybdok wrd: theevige®. sThean 8he phowbaiok Ricri Ge T2 pdbarifies
the section that is to be read fromthe AV streamfile and starts 15 to

pl ay backleRenEREY i BrrequpgdiowrhdncBhfechi are crlied om PES4pspéepfifes a
condition for connecting video in the playback section specified by a

pl aybackiBt&AricqUsneEe 552 Pt Pécﬂﬂeéfbagg-‘ mage 1588 F&Svhgagernibhe 20

pl ayback section specifjed by the previous piece ofﬁglayiten1infornation in

the mai ne%%mﬂsrﬁé%sﬁnfe@f%%e%&mﬁ Elontes 0 g tehpeereFpEs EioPE8xanpl e
"1," S afd %;g.ll When t he conngction condition 1504 indicates "1," the
vi deo t PHEPFAYEY betk Frompacket
10 [0073]
Figs. 94, 9B, and 9C schematically show the format of a
TS packet 901 and a source packet 902 constituting the 2D/AV
stream file 513. The TS packet 901 is 188 bytes long. As shown
in Fig. 9A, the TS packet 901 is composed of a 4-byte long TS
15 header 901H and a 184-byte long TS payload 901P. The PES packets
in which each of the elementary streams shown in Fig. 5 are stored
are typically divided into a plurality of sections, with each
section being stored in the TS payload 901P of a different TS
packet 901. Each TS header 901H includes a PID. The PID
20 identifies an elementary stream having data stored in the PES
payload 802P when the PES packet 802 is reconstructed from data
stored in the TS payload 901P of the same TS packet 901. When
the 2D/AV stream file 513 is written on the BD-ROM disc 101,
as shown in Fig. 9B, a 4-byte long header (TP_Extra Header) 902H
25 1is further added to each TS packet 901. The header 902H
particularly includes an ATS (Arrival Time Stamp). The ATS

shows the transfer start time at which the TS packet 901 is to

be transferred to a PID filter inside a system target decoder,
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the section of the AV streamfile specified by the piece of 25 playitem
i nformati on does not need to be seam essly connected to the video pl ayed
back fromthe section of the AV streamfile specified by the previous piece
of playiteminformation. On the other hand, when the connection condition
1504 i naitciadted s' déscetibed, labet h Thelaom N8ac lonkepaeastessh yfeonma@ct ed.
[ 0089] Figs. 16A and 16B each schenatically show the rel ati onshi ps
bet ween pt aydwaxilh ixer tihdzs hepderf cedHbwieach psepackeof oplaystemiliedor mati on
to be connected when the connection condition 1504 indicates 115" or "6."
When t he tsoneceimrkedndi Thbe sth4 e pdckat €92' Bs 'Wrads temoin tihe FD AV 16A, t he
STCs of two pieces of playiteminformation Pl#1 and Pl #2 may be
nonconsetingare. fihat 513 . t GenPFQUIRLAY, t Ives endowh time Figst 94,1 H@estream
file section 1601 defined by the first piece of playiteminformtion PI#1,
i n a5 pr @il Pas i eeii ¢e Phckedisnd patis saqdenhdapTs agrangeddnvpeof the
second All streamfile section 1601 defined by the second piece of playitem
i nf or mat3aRRPI goream Hilat 83 poShei 6pVLREY R FGTEo YL AT eastbIeedhat , in
this case, 15 several constraint conditions need to be satisfied. For
exanpl e, SSitieh PHELSEE0RECRAAS 5AP18DX N 2D/HY FEdeen hite &ddeinstBRequent Iy
after the first sectlon 1601, the sections 1601 and _1602 need to be created
so that Q4N Ecoder? cﬁ?%nﬁ&@h??raééoﬂ%@ﬁﬁsqu% CaRdEhEFNST £SOVRES| ast
frame Ofa%ﬂ? audl strean120 contained in the first section 1601 needs to
overlap & of the audio stream contained in the second section
160@ [ﬁﬁy other hand, when the connection condition 1504 indicates "6,"
Rown ﬁi g. 16B, the first section 1601 and the second section 1602

need to be ablﬁlqehl Q’%Se ?a %flhg, dgcgg t%scg E%%%iO?rﬁa{;%é A{}Sggg to al | ow

t he decoder to pr 62858 ng and ATCs

”eed.to egoﬁﬁgggg%v%&etééﬁfge%%é %Ee%{f 4804.-a0d tf’}eorrfeERQd

section ferring agai n, the ream

sel ecti rﬁé’xgyﬂaﬁég%ggﬁ’xcan Svlg*?.ﬁ MigLl £ '&t@r)éu%ta{%fn&? ﬁﬂ“ﬁkp&@ﬁrgﬁwder i n

t he pl ayba evice ect from t eA\/ str l'e during the tine

bet ween Ahe, Pl YPICKTEHAEY | tiMepMPO7paRdhhe RIRYPISKe), and a PCR
15 (Program Clock Reference) . The PCR, PMT, and PAT are specified
by European Digital Broadcasting Standard and are intended to
regulate the partial transport stream constituting a single
program. By using PCR, PMT, and PAT, the AV stream file can be
regulated in the same way as the partial transport stream.

20 Concretely, the PAT shows the PID of a PMT included in the same
AV stream file. The PID of the PAT itself is 0. The PMT includes

the PIDs for the elementary streams representing video, audio,
subtitles, etc. included in the same AV stream file, as well

as the attribute information of the elementary streams. The PMT
25 also includes various descriptors relating to the AV stream file.
The descriptors particularly include copy control information
showing whether copying of the AV stream file is permitted or

not. The PCR stores information indicating the value of an STC
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5 end tinme 1503. The stream sel ection table 1505 particularly includes a
plurality of streamentries 1509. Each of the streamentries 1509 i ncl udes
a stream sel ection nunber 1506, stream path information 1507, and stream
identification information 1508 of a corresponding elenentary stream The
stream sedectemTiie aLobk) td bebaaseciatedl witinizer aTassl ghedpsokébe stream
entries 1509, and used by the playback device 102 to identify the

el enent agrest ridasSTEAE apicdeekofussildr eamapakel erehoendibrobhé5DT7Ssaods an AV
streamfile to which an elenentary streamto be sel ected bel ongs. For
exanpl e,thd DA€ simeamdeidiamf oWmbhi orhel 5usB0PBhBER, " rdien gatbdért he AV
streamfile corresponds to the clip information file indicated by the

r ef er enceymthponides rediei 8RC ML thie ARE thakdm phenrefdermer ifor 1887 shows
"sub-path ID - 1," the AV streamfile to which the elenentary streamto be
sel ebt edB®I ongs is an AV stream specified by a 20 piece of sub-playitem
information i ncluded in the sub-path whose sub-path ID = 1. Here, the

sub- pl aylQ@H hf or mat i onpi ece defines a playback section that falls between
the playback start tipe 1502 and. the playback end tine 1503. Note that the
sub-path and tHe s&Bb-bF &yPERaTRhi 6t I o ShOYdSSc e &R iansSERECREXE 25

section of this specification. Each pjece of stream.identif]

i nf or matoFISFYT Aditlat &8t F¥T PO ¥ i C Heie s i ﬁé‘%ﬁ@pof:ﬁ%%igggr ement ary
ot o mac? oRI509Adss LR e\ ER ) £y eame T BRRE 030 The Phbacar e

ol aBacle S T e o83 RE AoUa 4158 LSHohi i 30025, RS hralar ent ry
stream FRTT bt Ro8atErd Bt Bl gt SR SRNERE A 26850 B0

stream angd, %%%%g%ﬁg}oioadkgﬂéﬁés%é aét}%’e%gﬁ:i&%pﬁvoétééﬁn ?Oirl(;’e]?ﬂga[ﬁggl]

Fig. 17 1s a sc agram show ng ata structure

yli Stiﬁéi@dégoocﬂ@e'ﬁmhelgkﬁybafﬁe p%&f&&&ﬁ@ﬁé@e%dggpgegﬁéﬂb- pat hs.

pl a
As shown in Fig. 17, the 20 playlist file 1700 may 1 nclu ne or nore

sub- pat Nsn f HrRsle &k Ofs [deddi8 YE AnPahB 4f0dhe Jsddthisoly Ad andebéd3 are

each a playback path parallel to the main path 1701.” The serial nunbers are
asshgnedbiece of stream information 1003 relates to a different one of

the elementary streams included in the AV stream file, and each
piece of stream information 1003 is assigned to a different
elementary stream. Each piece of stream information 1003
includes a stream type 1003A, a PID 1003B, and a stream
20 descriptor 1003C. The stream type 1003A includes identification
information of the codec used for compressing the elementary
stream. The PID 1003B indicates the PID of the elementary stream.
The stream descriptor 1003C includes attribute information of
the elementary stream, such as a frame rate and an aspect ratio.
25 [0076]
By using PCR, PMT, and PAT, the decoder in the playback
device can be made to process the AV stream file in the same

way as the partial transport stream in the European Digital
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15 to the sub-paths 1702 and 1703 in the order they are registered in the
20 playlist file 1700. The serial nunbers are each used as a sub-path ID
for identifying the sub-path. Simlarly to the main path 1701 that is a

pl ayback path of a series of playback sections specified by the pieces of

pl ayi t emid gt ire) dtlartiard. eachiafs the,Sul- pat Best7B2eand difddrés a
pl ayback path of a series of playback sections specified by sub-playitem

i nf or matdmpatlisi 1 {he bdatRest & yatayadi deheceutpphag temombosretoon 1702A
is identical with the data structure of the playiteminformation 1500 shown
in Fig. & FhaderinsnaAachepiese cohrouniplaayts eah25 Buopeamt | DiglTAPA

I ncl udes reference clip information, a playback start tine,

andapl ayhaskdrakt ey Jtenddeagback start time and the playback end tinme of
the sub-playiteminformati on are expressed on the sane tinme axis as the

pl ayback{ad¢mTel of the main path 1701. For exanple, in the streamentry 1509
I ncluded in the stream sel ection table 1505 of the playiteminformation #2,
assune that the<2l rEam patfoimdtoromtToke1507 i ndicates "sub-path ID = 0,"

and the streamidentification infornmation
[0078]

Fig. 11 is a schematic diagram showing the data structure
of the section of the first clip information f£ile (00001l.clip)
10 244A that is used as a 2D clip information file. A 2D clip
information file generally has this data structure. As shown
in Fig. 11, the first clip information file 244A includes clip
information 1101, stream attribute information 1102, and an
entry map 1103.
15  [0079]
Ag shown in Fig. 11, the clip information 1101 includes
a system rate 1101A, a playback start time 1101B, and a playback
end time 1101C. The system rate 1101A indicates the maximum
value of the transfer speed at which "TS packets" in the first
20 AV stream file 245A are transferred from the read buffer in the
playback device 102 to the system target decoder. Note that the
read buffer and the system target decoder are described later.
The interval between the ATSs of the source packets in the first
AV stream file 245A is set so that the transfer speed of the
25 TS packet is limited to the system rate or lower. The playback
start time 1101B indicates the PTS of the video access unit
located at the top of the first AV stream file 245A. For instance,

the playback start time 1101B shows the PTS of the top video
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5 1508 indicates the PG stream #1. Then, in the sub-path 1702 with sub-path
ID =0, for the playback section of the playiteminformation #2, the PG
stream #1 is selected as the decode target froman AV streamfile
corresponding to the clip information file shown by the reference clip

| nf or matd,qn, Of Wpiﬁ?b@.bﬁﬂaﬁ@%ﬁ@e'ﬂi@i@%ﬂ% #2%he 8998l of the sTC

Furthernore, the sub-playiteminformation includes a field called an SP

connect i Gandist b?@def@%m§8e@0£‘ﬂﬁétf;98mC&E@'ﬁ'ﬂ@&fcahél €84t beaS@®s MEANI NY
as a connection condition 15 of the playiteminformation. That is, when the

SP connegiion endid kenthadesates L mirdBaAY eackaAVisteeanshi | rosect i on
specified by two adj acent pieces of sub-playiteminformation also needs to

sati sfy ire aheye+tespl khBdcroamgd td iamrs 11/0A@98howe <€hafdguicdt the PFS2D

Pl ayback Devi ce> [0094] Next, the configuration for the playback device 102
t o pbayhst ketid el edrowerdies cfrdnesl A Wiltke o Taytbarit 1 troen & HeoBd- Rehhe . di sc
101, i.e., the configuration of a 2D pl ayback device, is 25 descri bed

bel ow. [ D®EH]] Fig. 18 is a functional block diagramshow ng a 2D

pl ayback device 1800. As shown in Fig. 18, the 2D pl ayback device 1800 52
has a BD- ROM dtiigrel28(d a schpemybic idiagnan] 8DONIngrthe dedat £ brughiitre18003.
The pl ayback unit 1800A has a read buffer 1802, a systemtarget decoder
1803, ammff &hsl shzeaudett181@te e camsttrigin ddiog . 18608heiEs i dypganié: scenario
menory 1804, a static scenario nenory 1805, a program execution unit 1806,

a playba@mecﬁﬁﬁﬁiﬂ anﬁnlbu¥¥7lniqmmgpaonuﬁﬁoébpé 3t bpRgE ¥RFPCiIBDBNIand a
user event processing unit 1809. The pl ayback unit_1800A and the control

uni £0180dE aPrI@SeA@ﬁll ROt Rt @ée@ﬁn&aaw perean inchafed d &hechivst

Al ternatively, the playback unit 1800A and the contral
AV stream fi e 45A with pieces of attribute information 1202.

Here, each piece of attribute information 1202 is different
depending on whether it corresponds to a video stream, an audio
stream, a PG stream, or an IG stream. For example, the piece
15 of attribute information 1210 corresponding to the PID 0x1011
for the primary video stream includes a codec type 1211 used
for the compression of the video stream, as well as a iesolution
1212, anaspect ratio 1213, and a frame rate 1224 for the pictures
constituting the video stream. On the other hand, the piece of
20 attribute information 1220 corresponding to the PID 0x1101 for
the primary audio stream includes a codec type 1221 used for
compressing the audio stream, a number of channels 1222 included
in the audio stream, a language 1223, and a sampling frequency
1224 . The playback device 102 uses these pieces of attribute
25 information 1202 to initialize the decoder. |
[0081]
Fig. 13A is a schematic diagram showing the data structure

of the entry map 1103. As shown in Fig. 13A, the entry map 1103
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10 unit 1800B rmay al so be inplenented on a single integrated circuit.

[ 0096] When the BD-ROM disc 101 is |l oaded into the BD-ROM drive 1801, the
BD- ROM drive 1801 radiates laser light to the disc 15 101, and detects
change in the light reflected fromthe disc 101. Furthernore, using the

change iihdhgiesmupl caf116d heGicedatb Hes1dihes Bo- Rk drdnrek@dinrgipels dat a
recorded on the disc 101. Concretely, the BD-ROM drive 1801 has an optical

pi ckup, fiixst av epteaal fheacksJhe mpih calbikead ohasosraepbadasdust thie | aser,
20 a collimte lens, a beamsplitter, an objective |lens, a collecting |ens,
and an @D Galr dRéeLdHigndl hd@idcoEtireght. Eadhatatsl d nomot heciedesosduct or

| aser sequentially passes through the collimte |lens, the beamsplitter,
and t he eaifj € mayehéadsr 113 dieandl 4 edhedch loitya ofeent dy gpilreye i 30R .t iee BD- ROM

disc 25 101. The collected beamis reflected and diffracted by the
r ecobdi rentmay enap Tendef |letledirarididl $ f tlaet RID | ¢ghteppes@sng heo the
table 1300 and the total number of entry points 1302 included
in the table 1300. The entry point 1302 shows a pair of PTS 1303
and SPN 1304 in correspondence with a different entry map ID
(EP_ID) 1305. The PTS 1303 is equivalent to the PTS for one of

10 the I pictures included in the video stream associated with each
section 1300. The SPN 1304 is equivalent to the SPN for the top
of the source packet group stored in the corresponding I
picture. |
[0082]

15 Fig. 13B schematically shows, out of the source packets
included.in.the first AV stream £file 245A, source packets whose
correspondence with the EP _IDs 1305 are shown by the entry map
1103. With reference to the entry map 1103, the playback device
102 can specify the SPN within the first AV stream file 245A

20 corresponding to a scene at an arbitrary point during the
playback of the video from the video stream. For example, to
execute trickplay such as fast-forward or rewind, the playback
device 102 specifies source packets of the SPNs 1304
corresponding to the EP_IDs 1305 by using the entry map 1103

25 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 trickplay without

analyzing the first AV stream f£ile 245A.
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objective lens, the beamsplitter, and the collecting lens, and is
collected onto the optical detector. The optical detector generates a

pl ayback signal at a level in accordance with the anount of collected
light. Furthernore, data is decoded fromthe playback signal. [0097] 5The
BD- ROM diov&3 11801 reads data fromthe BD-ROM di sc 101 based on a request
fromthe playback control unit 1807. Qut of the read data, an AV stream
file is transferamedla i rriadkhuf fer 1802; dynam c scenario information
such as an index file, novie object file, and BD-J object file is
transferf®@4b the dynami ¢ 10 scenario nenory 1804; and a playlist file and
aclipinformation file, i.e. static scenario information, are transferred
to the static Biagpnaki bs eeschymd806.di3098] shbeingachd dsfter st8G2tutde

dynam ¢ scenario menory 1804, 15 and the static scenario nenory 1805 are
each5a bf far 2Fermvkaylstefbly ddviocce The t Adrptaylagk iwti t£118002488 used as
the read buffer 1802. _I\/bm)rg devices in the control unit 18003 are used as
t he dynafdi&rerdrin Fishoryhagoghindlate staudtuscefrd @DnpAeyyl1805. In
addition, different areas in a single nenory 20 device may be used as these
buf fer ekt 60018pecifges Ehe PlFOPacHh ®atdne Eobhe GD/IS0E L sraresi bn Al |

streamfile, the dynam c scenario nenory_ 1804 stores S%nan‘i C scenario

i nf or mat34H - dn@ t hBSsIeFFORT ar P8+ neRSBR PEOLhS 2R/ starrs 5&éfari o
i nformatj on, 25[ 0099 The system target decoder 1803 reads an Al!
stream #4‘ Y f“&'blgﬁ ﬁéjer anb%tﬁefcé?d%%of‘ﬁ Weﬂtﬁ?i% tote SBiHede OpatRePI1BAd

de tiplexes the Al _streamfile.. The systemt et decoder, 1803 .t hen
dec hespcgé%lﬁe%#' Ihgn%ﬂt%agya]s][?e;ﬁ!}eo%f‘gpr%rwlﬂ e FRSS ISR Kyt P Her e,

|1 1 TR, AeR SRR Yol G B B9 20 oRP0 8 TR B0 L4 SHD uehy gagthe (v
control éggiédﬁy%éted.to SPNs of the AV stream file 1404 using the clip
information file 1403 corresponding to the 2D/AV stream file
1404. As a result, the range of each section P1, P2, and P3 is
15 specified with SPNs. Note that, unlike Fig. 14, any of the
sections P1l, P2, and P3 can be a section of a different AV stream
file than the 2D/AV stream file 1404.
[0085]
As shown in Fig. 14, the 2D playlist file 1400 includes
20 at least one piece of playitem (PI) information 1401. Each piece
of playitem information 1401 is identified by a unique playitem
ID. Each piece of playitem information 1401 specifies a
different playback section in the playback path via a pair of
PTSs. For example, the first piece of playback item information
25 PI#l specifies the first playback section via a pair of PTSs
T1l, representing the start time, and T2, representing the end
time. The start time Tl and the end time T2 are converted into

SPNs Al and A2 in the 2D/AV stream file 1404 by using the 2D
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5 to the systemtarget decoder 1803. The system target decoder 1803 outputs
a primary video stream a secondary video stream an |G stream and a PG
stream that have been decoded in video access units. The output data are
used as primary video plane data, secondary video plane data, |G plane

data, anrdiRGipFapRatfofadtid.e 126PEQd ¥alepul®) the rehlerhRbe ddec Syt em
target decoder 1803 m xes the decoded prinmary audi o stream and secondary

audi o stxeamaand sseadse tdecsdsdl imrheddllaybacansaudi onols pediefie®, such
as an internal speaker 103A of a display device. In addition, the system
target decotersEgd)Alr endiaratgehphés emht gitnidert he tHe Prégramnsissacut i on
unit 1806. The graphics data is used for rendering graphics such as a GJ
nmenu on im Fdogeeh4, awitkn 8 phuzalasyerf daterdoofaplsythensi IREGaNTOIPNG The
systemtarget decoder 1803 processes the graphics data and outputs the data
as i lage{llamsradateaorleniilns tie PRepdpyilestt didet 1de8odehe 1803e200Mi I | be
descri bed bel ow. [0100] The user event processing unit 1809 detects a user
oper at i diheyizeadrstimshitse iodhicegledl by shet hesderont pPametonresprnglagback
devi ce 102. Based on the user operation, the user event 25 processing unit
1809 r eqiesiRghEepEdgRam B tdeuP 1 anPafRk tPadDeHEr ey Hep PapyRekkcedER ol uni t
1807 to perform.a rel evant process. For exanple, when a user instructs to
di spl ay 2f fogeupesehiabyl pushi e PLuREsk SO espeeitsrtrBY 405, the
user event %ocessi ng unit 1809 detects the push and_identifies t{he

butt on. PARFIRET BYENt CHMoBSSTMGTLAPE 148691 F reifRrr b fPedfsat W2 R ogr am

o OcomR | SO By HneA PR L HerBLovhe: a3 Aidermtareamatien M
fast-for d a.rew nd. button on _the renqote control 105, .for,exanple, the
User eyt T bEBAL TR THTY “r0” BBEBTES B ThehoBRaT (HeRE (Fee s B but t on.
I n addi tﬂﬂl}" t%goﬁjser event processing unit 1809 requests the pl ayback

control *unit I to fast-forward or rewind the playlist currently being 10

pl ayed b?&d‘ss]

The 2D playlist file 1400 further includes an entry mark
15 1402. The entry mark 1402 indicates a time point in the main
path 1405 to be actually played back. The entry mark 1402 can
be assigned to a playback section defined by the playitem
information 1401. For example, as shown in Fig. 14, a plurality
of entry marks 1402 can be assigned to one piece of playitem
20 information PI #1. The entry mark 1402 is particularly used for
searching for a start position of playback when random access
is made. When the 2D playlist file 1400 defines a playback path
for a movie title, for instance, the entry marks 1402 may be
assigned to the top of each chapter. Consequently, the playback
25 device 102 can play back a movie title starting from any of the
chapters.
[0087]

Fig. 15 is a schematic diagram showing the data structure
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[0101] The pl ayback control unit 1807 controls transfer of files, such as
an AV streamfile and an index file, fromthe BD-ROM disc 101 to the read
buffer 1802, the dynam c scenario nenory 15 1804, and the static scenario
menory 1805. A file system managing the directory file structure 204 shown

in Fig. of psaysednl Diiféhhst Lomtisalo.. ABathdwn ihheipl ahacke gy demni t 1807
causes the BD-ROM drive 1801 to transfer the files to each of the buffer

menor i esirfiha thifdH 130 1805 udsisngeliegpsicenttapl ihobrdf-opaningLfid es. The
file opening is conmposed of a series of the follow ng processes. First, a
file nameldybodik detectteihe 35pp0\vW gdedybackhend theesysiEmyormeysi@m cal |,
and an attenpt is nmade to detect the file nanme fromthe directory/file
st r uct ureorRDL idheh 04 herrdbs exttrieam sslsociesshille 1HeS f iThe wnfewye@Ee f or t he
target file is first transferred to menory in the playback control unit
18075 andlign iFERrfrEitlienCdAtiold8hotklessa clip information file that
is necessary for converting PTSs to SPNs. The playback start
time 1502 and the playback end time 1503 respectively indicate
the PTSs of the top and the end of the section of the AV stream
file to be decoded. The playback device 102 refers to the entry
10 map from the clip information file indicated by the reference
clip information 1501, and obtains SPNs respectively
corresponding to the playback start time 1502 and the playback
end time 1503. Thus, the playback device 102 identifies the
section that is to be read from the AV stream file and starts
15 to play back the section.
[0088]
The connection condition 1504 specifies a condition for
connecting video in the playback section specified by a playback
start time 1502 and a playback end time 1503 to video in the
20 playback section specified by the previous piece of playitem
information in the main path. The connection condition 1504 has
three types, for example "1," "5," and "6." When the connection
condition 1504 indicates "1," the video to be played back from
the section of the AV stream file specified by the piece of
25 playitem information does not need to be seamlessly connected
to the video played back from the section of the AV stream file

specified by the previous piece of playitem information. On the

other hand, when the connection condition 1504 indicates "5"
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generated in the nenory. Subsequently, a file handle for the target file is
returned fromthe file systemto the playback - control unit 1807. After
this, the playback control unit 1807 can transfer the target file fromthe
BD- ROM di sc 101 to each of the buffer nmenories 1802, 1804 and 1805 by
showi ng ¢he"d |t ebdigndi id s tie BRRDE dse el dS8O1y SOt ed. The
pl ayback control unit 1807 decodes the AV streamfile to output video data
and audi poolgerr by controlling the BD-ROM drive 1801 and the systemtarget
decoder 1803. Morre specifically, the playback control unit 1807 first reads
a playlist filBidg.omIldnthendtaléB sSeewdri cdiemertyidd805; isheswespohse to an
i-nstruction fromthe program execution unit 1806 or a request fromthe user
event proekstiogships be808enanichyibear peet sohhespeanitieirdd b ddwh picee In
accordance with the interpreted content, particularly with the playback
pat h5 t het @lypaedn confeoiattinn U80RE t terndstepechén eshancansecream file to
be played back and instructs the BD-ROM drive 1801 and the systemtarget
decoder A®ditirn eaf04ndngisades hi's" f dre. "@u‘thbEEyb‘éIﬁ( ppoBestiag based
on a playlist file is called' playllst pl ayback." I n addition, the playback
control ARFLIRBYY LRk HicRies yed & sheyer 1poFigri AbPestha $HEspl ayer
vari abl e storage, unit 1808_using the static scenario information. Wth
r ef er enct t WP hBLBFETePTVRIPHBFEY, 10ACTER&FRCIPIFINGS] R IBO7PPur t her
specifies to the s stemértq rget decoder 1803 el enentar streams to

h

decoded ré%%c%‘?%?ﬁ‘ﬂ V¢ he Wt dPmatPerf Tre et &br FPPothd ftlﬁétz%ve
compBsed bToan Gidt, BT oy K% éeﬁg?g&p%?% b5 PI'J%?S% %ﬁgiﬁ%tﬁ@?g? '
e e es e SRR LML I, .

o ial e ants. A sog! ﬁ{seaéﬁ%?%f*gr@%ﬁ SRR Sk ere, ¢

the numbgrs; i O ARF AHNERIRJA L1 €L ENR 1865 kBl THFRSRS 18T prs2, in

a later position, may be nonconsecutive. Note that, in this case,
15 several constraint conditions need to be satisfied. For example,
when the second section 1602 is supplied to a decoder
subsequently after the first section 1601, the sections 1601
and 1602 need to be created so that the decoder can smoothly
decode the file. Furthermore, the last frame of the audio stream
20 contained in the first section 1601 needs to overlap the top
frame of the audio stream contained in the second section 1602.
On the other hand, when the connection condition 1504 indicates
"6," as shown in Fig. 16B, the first section 1601 and the second
section 1602 need to be able to be handled as a series of sections,
25 in order to allow the decoder to duly perform the decode
processing. That is, STCs and ATCs need to be consecutive
between the first section 1601 and the second section 1602.

[0090]
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[0104] SPRM 0): Language code SPRM 1): Primary audi o stream nunber

10SPRM 2) : Subtitle stream nunber SPRM 3): Angl e nunber SPRM 4): Titl e nunber
SPRM 5) : Chapt er nunber SPRM 6): Program nunmber 15SPRM 7): Cel | nunber

SPRM 8) : Sel ect ed key nanme SPRM 9) : Navi gation tinmer SPRM 10): Current

pl ayback ti WER%EB%EQ: Bhayel . augdi 9qai Xi Ngnavderéoh Ka180Kkeon table
20SPRM 12) : Country code for parental nanagenent SPRM 13): Parental | evel

SPRM 14 )15y ayebwe o flii@wr 8t i Oned@fit 3t HeR reams that the decoder in the

| playback device 102 can select from the AV stream file during

the time between the playback start time 1502 and the playback

5 end time 1503. The stream selection table 1505 particularly

includes a plurality of stream entries 1509. Each of the stream

entries 1509 includes a stream selection number 1506, stream

path information 1507, and stream identification information

1508 of a corresponding elementary stream. The stream selection

10 numbers 1506 are serial numbers assigned to the stream entries

1509, and used by the playback device 102 to identify the

elementary streams. Each piece of stream path information 1507

shows an AV stream file to which an elementary stream ﬁo be

selected belongs. For example, if the stream path information

15 1507 shows "main path," the AV stream file corresponds to the

clip information file indicated by the reference clip

information 1501. If the stream path information 1507 shows

"sub-path ID = 1," the AV stream file to which the elementary

stream to be selected belongs is an AV stream specified by a

20 piece of sub-playitem information included in the sub-path

whose sub-path ID = 1. Here, the sub-playitem information piece

defines a playback section that falls between the playback start

time 1502 and the playback end time 1503. Note that the sub-path

and the sub-playitem information are described in the next

25 section of this specification. Each piece of stream

identification information 1508 indicates the PID of a

corresponding one of the elementary streams multiplexed in an

AV stream file specified by the stream path information 1507.
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SPRM 15) : Pl ayer configuration for audi o SPRM 16): Language code for audio
stream 25SPRM 17) : Language code extension for audio stream

SPRM 18) : Language code for subtitle stream SPRM 19): Language code extension
for subtitle stream SPRM 20): Pl ayer region code SPRM 21): Secondary vi deo

stream nyfher; i : xecongar y @i@é@e&tﬁga@ﬁéuﬁ’@é SFEM LB - Fhgyer status
SPRM 24) : Reserved 5SPRM 25) : Reserved SP 6) : Reserved SPRM 27): Reserved

SPRM 28)4Resgy et SRR @tv@@‘?rt‘ﬁ%dplayback start time 1502 and the

playback end time 1503. Although not shown in Fig. 15, each
stream entry 1509 also contains attribute information of a
5 corresponding elementary stream. For example, the attribute
information of an audio stream, a PG stream, and an IG stream
indicates a language type of the stream.
[0091]
Fig. 17 is a schematic diagram showing the data structure
10 of a 2D playlist file 1700 when the playback path to be defined
includes sub-paths. As shown in Fig. 17, the 2D playlist file
1700 may include one or more sub-paths in addition to the main
path 1701. Sub-paths 1702 and 1703 are each a playback path
parallel to the main path 1701. The serial numbers are assigned
15 to the sub-paths 1702 and 1703 in the order they are registered
in the 2D playlist file 1700. The serial numbers are each used
as a sub-path ID for identifying the sub-path. Similarly to the
main path 1701 that is a playback path of a series of playback
sections specified by the pieces of playitem information #1-3,
20 eachof the sub-paths 1702 and 1703 is a playback path of a series
of playback sections specified by sub-playitem information #1-3.
The data structure of the sub-playitem information 1702A is
identical with the data structure of the playitem information
1500 shown in Fig. 15. That is, each piece of sub-playitem
25 information 1702A 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
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10SPRM 30) : Reserved SPRM 31): Reserved [ ol os] The SPRM 10) i ndicates
the PTS of the picture currently being decoded and is updated every tine a
picture is decoded 15 and witten into the primary video plane nenory.
Accordingly, the current playback point can be known by referring to the

SP 10),, - - I e tar Al 16) 20
an?lv'g he aalE% %S]él gggé %@Pﬁ%@(&%ﬁ élﬂetlt‘é?fseam on? e’?ltﬁt;&?ggsl?ﬁ/(g 1%@%%& Ziul t

| anguag 'r?%‘fll%ss?;:e%llﬂeséﬁ!@cy%ktg.%‘ﬂacﬁ_ségzof Hiespra9desmmByr benshamged by a
user with use of the OSD (On Screen Display) or the |like of the playback

device 10?2, ossmyberghangad by raBmapRltiCald RuOgamsi R 1hei paogsam
execution unit 1806. 25 For exanple, if the SPRM 16) shows "English," in

pl aybacks pipgessh i of 0a nphawl ik, stheapl aybackreeatioh inforddOTohirst
searches the stream selection table in the playiteminfolLLtLation for a

stream erddy ihavicag ckhehd awsageanade aen’ BngkhehstibItec59 70pl wyback
control unit 1807 then extracts the PID fromthe streamidentification
i nf or matd -t heDstr @am sy ryhandlaybashi sectthienexifr adtedpPhii temt he
systemtarget decoder 1803. As a result, an audio stream having the sane
PID is sih&otredt aod #decduedGhttednhdl sisssehetaedets tbhe garode803rgghese
processes can be executed by the playback control unit 1807 with use of the
novi e obfeot dn AV gtuden BRlE objreesponiddng 6o0TheDgliingipfaybatkon
processing, the playback control unit 10 1807 updates the player variables
i n accorilfhe shawnrby hbestefiarence clip information of the sub-playitem

10 information #2.

[0092]

Furthermore, the sub-playitem information includes a
field called an SP connection condition. The SP connection
condition carries the same meaning as a connection condition

15 of the playitem information. That is, when the SP connection
condition indicates "5" or "6," each AV stream file section
specified by two adjacent pieces of sub-playitem information
also needs to satisfy the above-described conditions.

[0093]

20 <Configuration of 2D Playback Device>
[0094]

Next, the configuration for the playback device 102 to
play back the above-described 2D video content from the BD-ROM
disc 101, i.e., the configuration of a 2D playback device, is

25 described below.

[0095]
Fig. 18 is a functional block diagram showing a 2D playback

device 1800. As shown in Fig. 18, the 2D playback device 1800
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of the playback. The playback control unit 1807 updates the SPAM (1) , the
SPRM (2) , the SPRM (21) and the SPRM (22) in particular. These SPRM
respectively show, in the stated order, the stream sel ection nunbers of the
audi o stream the subtitle 15 stream the secondary video stream and the

secondaryaaudigp sloveamitBatsaie gusT A¥k Relng 1W0RES see aASorbreXanpl e,
assune that the audi o stream nunber RM (1) has been changed by the

progr amexeeutd@us Unide $88§bakk this casea hie Plrawmelreent 1eboynit 1807
first searches the streamselection table in the 20 playiteminformation

current | yybeengftigaedebodirfioxn, sheeamlenid ydoael 18 g ThestorepdEel ection
nunber that matches the stream sel ecti on nunber shown by the changed SPRM
(1) . Thenpt apoackhzort dphamhe tscEBRE itdmanexy raois alaRlil §comatbhe stream
identification information in the streamentry and transmts 25 the
ext r &ct ege® Dy t18 Gthe asystgnan argetutdesoderi t1 8886, As pd ayeswkt cohheoudi o
stream having the sane PID is sel ected and decoded
unit 1807, a player variable storage unit 1808, and a user event
processing unit 1809. The playback unit 1800A and the control
unit 1800B are each implemented on a different integrated
circuit. Alternatively, the playback unit 1800A and the control

10 unit 1800B may also be implemented on a single integrated

circuit.
[0096]
When the BD-ROM disc 101 is loaded into the BD-ROM drive
1801, the BD-ROM drive 1801 radiates laser light to the disc

15 101, and detects change in the light reflected from the disc
101. Furthermore, using the change in the amount of reflected
light, the BD-ROM drive 1801 reads data recorded on the disc
101. Concretely, the BD-ROM drive 1801 has an optical pickup,

i.e. an optical head. The optical head has a semiconductor laser,

20 a collimate lens, a beam splitter, an objective lens, a
collecting lens, and an optical detector. A beam of light
radiated from the semiconductor laser sequentially passes
through the collimate lens, the beam splitter, and the objective
lens to be collected on a recording layer of the BD-ROM disc

25 101. The collected beam is reflected and diffracted by the
recording layer. The reflected and diffracted light passes the

objective lens, the beam splitter, and the collecting lens, and

is collected onto the optical detector. The optical detector
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by the systemtarget decoder 1803. This is how the audio streamtargeted
for playback is swtched. The subtitle streamand the secondary video
streamto be played back can be switched in a simlar manner. [0108] The
pl ayback execution unit 1806 is a processor and 5 executes prograns stored

in-the gé/ hEr 90L& tp[:]L;ly?‘o QX ts'PL B . ob) fblef Ile o LY F‘rd&h%%b@%hegﬁéu“ on

unit 18 execut es |OMA controls In particu I n accordance with

the progiadnt () Jheddapac gwe%w Rie 1806, BS! uebackherhayback

control unit 1807 to perform playli st ayback 10 processing

pl aybackegxe Y48 KN {5806 generates graphlcs data for a nmenu or a gane
as PNG or JPEG raster data, and transfers the generated data to the system
target degg@eler 1803 to be conposited with other video data. Specific
contents of these controls can be designed relatively flexibly through 15

progsam desi gnitg BDrHRaM 85ivé hes coreaalssdfta tHieont eALIED SREM a@idet eomi ned by
t he programm ng procedure of the novie object file and the BD-J object file

in the. apddediocryapreqedstef obm tire BRaRQdcti eontbdl (R103s 0Thatpbane adder
1810 receives primary video plane data, secondary video plane data, |G
pl ane datlae re@dplsine, dat®d] sandamfage pt arenddeariedomn the sl buffarget
decoder 1803, and conposites these data into a video frane or a field by
superi npb&0 2} glynatic sesuhtanticiomosi tad svuicticns dat andsx 25 eyt potvtied to the
di spl ay device 103 and di spl ayed on a screen thereof. [0110] "Structure of
Syst em Tapgett Dacdedentid BD-J object file is transferred to the dynamic
10 scenariomemory 1804; and a playlist file and a clip information
file, i.e. static scenario information, are transferred to the
static scenario memory 1805.
[0098]
The read buffer 1802, the dynamic scenario memory 1804,
15 and the static scenario memory 1805 are each a buffer memory.
A memory device in the playback unit 18002 is used as the read
buffer 1802. Memory devices in the control unit 1800B are used
as the dynamic scenario memory 1804 and the static scenario
memory 1805. In addition, different areas in a single memory
20 device may be used as these buffer memories 1802, 1804 and 1805.
The read buffer 1802 stores an AV stream file, the dynamic
scenario memory 1804 stores dynamic scenario information, and
the static scenario memory 1805 stores static scenario
information.
25 [0099]
The system target decoder 1803 reads an AV stream file

from the read buffer 1802 in units of source packets and

demultiplexes the AV stream file. The system target decodexr 1803
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Fig. 20 is a functional block diagramof the systemtarget decoder 1803. As
shown in Fig. 20, the systemtarget decoder 1803 includes a source
depacketi zer 2010, an ATC counter 2020, 5 a first 27 MHz clock 2030, a PID
filter 2040, an STC counter (STCl) 2050, a second 27 MHz cl ock 2060, a

primaryvilee decedes 2040, arSecniflalya W, deq degrdesredideqa gyG greoder
2072, an |1 G decoder 2073, a primary audio decoder 2074, a secondary audio

decoder Z&o1tAf & NPYE. MREESSAFo2RE0 i of RECEBEN Y i TR0 dBL3Ae nk0eABADT Y
2090, a secondary video plane nenory 2091, a PG plane nenory 2092, an IG

pl ane NMesmse 2Oy stﬁam,ﬁmhphanehge@?a OHbdeaBthdantavdbacei yer 2095.
[0112] - The source depacketizer 2010 reads source packets from 15 the read

buf fer 102 stedamclis thendSepock dronf 0@ pheybead st padket sp7and
transfers the TS packets to the PID filter 2040. The source depacketizer
20105f urtdertheadjywsiesn tharddtreicaiodelte 18B0ans ek egsaeaotdagee detbdehe ATS of
each source packet. Specifically, the source depacketizer 2010 first

noni t or s18 0 REpredsue f indmey AiCGegererabed bysddmndely vdadebest 2620, Her e,

t he val ue of the ATC depends on the ATC counter 2020, and is increnented in
accor daree 3¢ tstregpul eedot PRestrowmk Shandiawd bdem GecodeZ7iNHrideock 2030.
Subsequently, at the instant the value of the ATC and the ATS of a source
packet adecegRiics . THs phspysudabadepackesed A% p20r@Inr dAadeerslane TS

packet extracted .
data, secondary video plane data, IG plane data, and PG plane

10 data, respectively. On the other hand, the system target decoder
1803 mixes the decoded primary audio stream aﬁd secondary audio
stream and sends the resultant data to an audio output device,
such as an internal speaker 103A of adisplay device. Inaddition,
the system target decoder 1803 receives graphics data from the

15 program execution unit 1806. The graphics data is used for
rendering graphics such as a GUI menu on a screen, and is in
a raster data format such as JPEG and PNG. The system target
decoder 1803 processes the graphics data and outputs the data
as image plane data. Details of the system target decoder 1803

20 will be described below.

[0100]

The ﬁser event processing unit 1809 detects a wuser
operation via the remote control 105 or the front panel of the
playback device 102. Based on the user operation, the user event

25 processing unit 1809 requests the program execution unit 1806
or the playback control unit 1807 to perform a relevant process.
For example, when a user instructs to display a pop-up menu by

pushing a button on the remote control 105, the user event
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fromthe source packet to the PID filter 2040 at the recordi ng speed RTS1-
[0113] The PID filter 2040 first selects, fromanong the TS
packets outputted fromthe source depacketizer 2010, TS packets which have
a PID that matches a PID pre-specified by the playback control unit 1807.

The PI D‘ﬁfé&@ésgﬁg%n%efséé aa%tn.ercﬁ éﬁggﬁsﬁ%ﬁ&&agnﬁf@égk&{ébaetgﬂe
decoders 2070-2075 depending on the PID of the TS packets. For exanple, a

TS packefnaigs FARL K QL LS ihkansieh ked #ordhe- PEHIBEY s\WHiegrdgeager 2070,
TS packets with PIDs ranging from Ox1BOO to Ox1B1F,” Ox1100 to Ox111F,

Ox1A00 t@x&xdAdldn 120A® de0 tOxdRdEutand LAl tPekbbnan®y 1@ tnansferred

to the secondary video decoder 2071, the prinmary audi 0 decoder 2074, the

secondaryueteh p wecaers 20éommbhe P& despusy 204 hopnd wkewd .Crtiegoder 2073,
respectively. [0114] The PIP filter 2040 further detects PCRs fromeach TS

15 packetiseisi pgshde £l Past - tbewdSdpegkat rewhiinihbateageont BRePrBmbikt er 2040
sets the value of the STC counter 2050 to a predeterm ned val ue. Herein,

t he val ueowtréhel &IC feateikamp2@50the waer eseate proveaetiargdamie Wbl a pul se
of the clock signal of the second 27 MHz cl ock 2060. In addition, the value
t o whi chd@fetbe ST mesintard 20Ehtisised the isititest.r ot eddticivhe BhE filter
2040 fromthe playback control unit 1807 in advance. The decoders 2070-2075
each useusér angnie pafodess iISPCunatnt 809 205Quast $ HheSPCaybaak conttrhé
decoders 2070- 2075 perform decodi ng processing on the TS packets outputted
from t heuPi P 1807 ep f2E40 L3 wardtdie rewind Fek paeyd 16y qteremslvbeting DTS
shown by the TS packets. [0115] The primary vi deo decoder 2070, as shown in
Fi g1020,pPlavied vsegka TB (Transport Stream Buffer) 2001, an MB (Ml tipl exi ng
Buf fer) 2002, an EB (El enentary Stream Buffer) 2003, a conpressed video
decoder (P23 2004, and a DPB (Decoded Picture Buffer) 2005. The TB 2001,

the MB 2002, the EB 2003 , )
The playback control unit 1807 controls transfer of files,

such as an AV stream file and an index file, from the BD-ROM
disc 101 to the read buffer 1802, the dynamic scenario memory
15 1804, and the static scenario memory 1805. A file system
managing the directory file structure 204 shown in Fig. 2 is
used for this control. That is, the playback control unit 1807
‘ca‘uses the BD-ROM drive 1801 to transfer the files to each of
the buffer memories 1802, 1804 and 1805 using a system call for
20 opening files. The file opening is composed of a series of the
following 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 successful, the file entry
25 for the target file is first transferred to memory in the
playback control unit 1807, and an FCB (File Control Block) is
generated in the memory. Subsequently, a file handle for the

target file is returned from the file system to the playback
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5 and the DPB 2005 each are a buffer nenory and use an area of a nenory
device internally provided in the primary video decoder 2070. Sone or all .
of the TB 2001, the MB 2002, the EB 2003, and the DPB 2005 rmay be separated
indifferent nmenory devices. The TB 2001 stores the TS packets received from

the PID J&A&_génf r%gl;hf&t %g 0?3 AP%raéﬁis The, M8, 12002 5t ees BESuRackes 67

reconstructe packets stored in the TB 2001. Note that when the
TS packels, angddanstaet ed-brenrihe A0 1ty M R0G31 tBecd s, header

is renoved fromeach TS pac The EB 2003 extracts an encoded vi deo

access W tefd ouethe RERoPacketsoand syobes 180t hey eidwaciednencoded video
access unit therein. The video access unit includes conpressed pictures,

i.e., amdndi&tis eshd mhoiod esransg Fseicture. Note that when data is
transferred fromthe MB 2002 to the EB 2003, the PES header is renoved from

eachsPES pegket . The conpressed vi deo decoder 2004 decodes each 20 video
access unit in the MB 2002 at the tinme of the DTS shown by the original TS
packet. Herei mthd beagbapkessetrol ded tdeeodeie 2 chenty¢staedacbdilag schene
in accordance with the conpression encoding formats, e.g., MPEG 2,

MPEG 4AM: arnthWClidenddbhe shdezmud o tda ity cortheldimy ébseBDpROMuUr es
stored in 25 the video access unit. The conpressed video decoder 2004
further drivsfl@o0d drndtHecnuserptargeesiedodey 1809i. dénrd pprAaeidichlélrd, to
the DPB 2005. The DPB 2005 tenporarily stores the decoded pictures. Wen
decodi ngclze PlgiviiapkecontzoB it 48687 fhestamaptessetayl deb dd@dsrm2004
refers to the decoded pictures stored in the DPB 2005. The DPB 2005 further
wri fl@s elled stfatiive sseppadopnene¥esl § G o ithEepPPRERYCYiATe s FFAHECABRDry 2090
at the time of the PTS shown by the,ori%inal TS packet. 5 01%%% The
secondar§ronddy gregder SovautHel (e LRE6saRe SEAUCEE BT YifeUsFrmary

vi deo decoder 2070. The seqondar% vi deo,decoder 2071 first decaodes the TS
packet s JFCRRPEKRSIHURTY Wiided 89Pr eahr SREFTRISEF oME HEBIBHY i9 5?“32040_

into uncoppressed 10 pictures. Subsequentl he secondary, vi deo_decoder
2071 write etHEI?EEBFBQHFeQﬁb 3@%&%585?6%&?@§%Wﬁ%?§hE@§8&8H§SF§Yvideo
PG decodtt 3052 dRLOHRESE B T&: pERRoPLaY BaSRY B8 76 TELFNE R D P o1 2040
o ot CooTRE A EEC AR REE ey 2oz Aot KB melordRE R Hhoun by
From 20 EReLPSITE ok 006 Noe Uy cee ol o P o2 (s ARt Pt o5t he
el BREREBS S g1 SIS e el RSO OB 2008000 11
playlist file is called "playlist playback." In addition, the
playback control unit 1807 sets various types of player
20 variables in the player variable storage unit 1808 using the
static scenario information. With reference to the player
variables, the playback control unit 1807 further specifies to
the system target decoder 1803 elementary streams to be decoded
and provides . the information necessary for decoding the
25 elementary streams.
[0103]

The player variable storage unit 1808 is composed of a

group of registers for storing player variables. Types of player
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The primary audi o decoder 2074 first stores the TS packets 25 received from
the PID filter 2040 in a buffer provided therein. Subsequently, the primary
audi o decoder 2074 renoves the TS header and the PES header from each TS

packet in the buffer, and decodes the renaining data into unconpressed LPCM

audio d : e pri nafr udi oder. rt %P,ﬁen th t ant
audi o dg\;%r%%g?ﬁ% alurg?iolycln(fia ng!rfé Z%S[g %t%ﬁdﬁ%q%gn% o(lfa; the P%%dsh ?/\1/?1 %_ithe

ori gi nal oI Rackel - (JhRupri ARGy 2ydio degeder o20dfpabangssn asgpoding
schene the unconpressed audi o data I n accordance 5 with the conpression

encodi ng, SO iBLa £.%riAT upibelT PooaNdahhce s eam Al HhikiHes 9botihesprimary
audi o streany i1ncluded in the TS packets. [0120] The secondary audi o

decoder 2048ch@sed M SRRE LSk ket Yh@14B1aSvhlge PrdomI Yrirudacdaeades 2074.
The secondary audi o decoder 2075 first decodes the TS packets of the

secordaryz Pl OPat rpam JIeaf 1R dw omdhe Rihe hiumier s2040pkpéntHasespr essed
LPCM audi o data. Subsequently, the secondary audi o decoder 2075 sends the
unconpr ess@icdPEM sel 0t or dal antabéhe apdio m xer 2095 at the tine 15 of the
PTS shown by the original TS packet. The secondary audi o decoder 2075
changes &ode€pdi ng schene of the unconpressed audi o data in accordance with
the conpression encoding format, e.g. Dolby Digital Plus or DIS-HD LBR, and
t he stream at t3PRN(® of thé&gprgusmyey i 0 stream included in the TS
packets. 20[0121] The audi o m xer 2095 m xes ( superinposes ) the
unconpr essed £#rRRM(dat a r edeiimedf raomidhe préamryunesli o decoder 2074 and
fromthe secondary audi o decoder 2075. The audi o m xer 2095 further sends

t he ll0esul t ant SRRHO) t ed afiy itdlaarptirgan UM speaker 103A of the

di spl ay device 103 or the like. [0122] The i mage processor 2080
recei ves graphtRRMbhk a, i.:ANIIENGWRIOEIPEG raster data, along with the PTS
thereof fromthe 66 program execution unit 1806. Upon the reception of the
gr aphi cs dat a,S¥H&(4 hage proidelss d¥UmRFI0 appropri atel y processes the
graphics data and wites the graphics data to the inage plane nenory 2094
at the tinme ofSYREIPTS t herGypter number

SPRM(6) : Program number
15 SPRM(7) :Cell number
SPRM (8) :Selected key name
SPRM(9) :Navigation timer
SPRM (10) :Current playback time
SPRM (11) :Player audio mixing mode for Karaoke
20 SPRM (12) :Country code for parental management
SPRM(13) :Parental level
SPRM (14) :Player configuration for video
SPRM(15) . :Player configuration for audio
SPRM (16) :Language code for audio stream
25 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
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5[ 0123] <Physi cal Arrangenent on Disc of AV Stream Files
Representing 2D Video | mages> [0124] Wen AV streamfiles representing 2D
vi deo i mages are 10 stored on the BD-ROM disc 101, their physical
arrangenment needs to be designed so that the 2D video i nages can be pl ayed

back seaml esslé/PRN?, a ph:%%ic%?'l X yr%gieerge%tt 'e%md%zl%epfed bel ow. Here,
g

seanl ess pl ayback ans that” video-i mages and sounds are played back

snoot hly and } usly f r i amt AV stream
files are recor ed(%l% t he gﬁ%\é&%}sg 1 ffe%st%ragﬁps of ELL]extents. Her e,

| ogi cal addr esgggy cons j i.thin a single extent. As described
previously, |ogica %ddres’gl?%eﬁetéﬁgeggw disc 101 are substantially
equi val ent 20 &ppphysy cal .addissses. Accordingly, the physical addresses in
an extent are also substantially consecutive. Therefore, the BD-ROM drive
1801scan contigpi@usty) r ead g wydent w t hout making the optical pickup
performa seek. [0126] 25In the volunme area 202B shown in Fig. 2, each
extent is genesmkMy264rcordedkddrvadl urality of physically consecutive
sectors. These sectors belong to the recording area for an AV streamfile
in the STREAMsprectDyy ar@eseligs@fore, the logical address of each
extent can be known from each allocation descriptor recorded in the file
entry of the sewpmMtzg0rdi nReareaared 0127]

SPRM(29) :Reserved
10 SPRM(30) :Reserved
SPRM(31) :Reserved

[0105]
| The SPRM(10) indicates the PTS of the picture currently
being decoded and is updated every time a picture is decoded
15 and written into the primary video plane memory. Accordingly,
the current playback point can be known by referring to the
SPRM(10) .
[0106]
The language code for the audio stream of the SPRM(16)
20 and the language code for the subtitle stream of the SPRM(18)
. show default language codes of the playback device 102. These
codes may be changed by a user with use of the 0SD (On Screen
Display) or the like of the playback device 102, or may be changed
by an application program via the program execution unit 1806.
25 For example, if the SPRM(16) shows "English," in playback
processing of a playlist, the playback control unit 1807 first
searches the stream selection table in the playitem information

for a stream entry having the language code for "English." The
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Fig. 21 is a schematic diagram show ng a physical arrangenent of extents on
the BD-ROM di sc 101. As shown in Fig. 21, an AV streamfile 2100.is divided
into three extents 2101A, 21013, and 21010 recorded on the track 202 on the
disc 101. As shown in Fig. 21, each of the extents 2101A-C is continuously

T L e e e o
Gescr | bottBal bl TBIoR) TEH Gron ol ar Toue AL oRuA | B g ST g cat s a

pl aybac ktﬂ@télztr%ﬁ:tt&ff’ 2h rt%V\ﬁhéJsr\{%t&%m £ PO VeLLRLTREES . Akes Rayad back
fromthe AV streamfile 2100, the extents 2101A, 21013, and 2101C are

sequent i ghl ¥, 888 ieddBaRl a¥beck Leyd aerplQ2. sdhepttheahd Iddcadenl, 2101A
has been read to its end FA, "the BD-ROM drive 20 tenporarily stops the

readigng gRErA}d 1 BYrHRe eiddat 1Ri0ekUPhe b8 rRASRS s dNanaydlewergte@eed of
the BD-ROM di'sc 101, and quickly noves the top TB of the next extent 21013

to the | ppathepiydde: ephiceall phekupsoTheisth eper aEi ths miviadsjrgtt he
optical pickup to suspend the reading operation and then, while 25
suspendedilposict tha BbeJopbiieat pitkup over the next area to be read is

referred to as a "junp."” In Fig. 21, convex portions J1 and J2 in the

pl ayback [pabh] Al indicate the period in which

During playback processing, the playback control unit

10 1807 updates the player variables in accordance with the status
of the playback. The playback control unit 1807 updates the
SPRM (1) ,V the SPRM(2), the SPRM(21) and the SPRM(22) in
particular. These SPRM respectively show, in the stated order,

the stream selection numbers of the audio stream, the subtitle

15 stream, the secondary video stream, and the secondary audio
stream that are currently being processed. As an example, assume

that the audio stream number SPRM(1l) has been changed by the
program execution unit 1806. In this case, the playback control
unit 1807 first searches the stream selection table in the

20 playitem information currently being played back for a stream
entry including a stream selection number that matches the
stream sgelection number shown by the changed SPRM(1). The
playback control unit 1807 then extracts the PID from the stream
identification information in the stream entry and transmits

25 the extracted PID to the system target decoder 1803. As a result,
the audio stream having the same PID is selected and decoded

by the system target decoder 1803. This is how the audio stream

targeted for playback is switched. The subtitle stream and the
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a junp is perforned on the playback path Al, i.e. the "junp period.” [0129]
Types of junps include a track junp and a focus junp, in addition to the
operation of increasing or decreasing the 5 revolving speed of the BD ROV
disc 101. Track junps are operations of nmoving the optical pickup in a

radi al  digedd Pk i1dae dk$eamFPEUSe ] e Q115 QPR HANS QL ARYI 119 4 he
focus position of the optical pickup Tromone recordi ng Vayer to anot her

when t he BRRQAV ismek01 is a nulti-layer disc. These 10 types of junps
generally cause a |l onger seek tine and a | arger nunber of sectors skipped

in the readigy processes, and thus are referred to as "long junps." During
a junp period, the optical pickup stops the reading operation. Accordingly,

during the jumrherpdsabk asdeddt $6AWINIR Fidos 21s datddcedir raad 15
fromthe corresponding portions GL and &G on the track 202, respectively.

The | engtdxeafutte P@iricgemskEppeddi hnatheathnie WeRss fdul Bg 8heusp-peri od,
i.e. the length of the portions d and &, is called a "junp distance."”
Junp di stamjices: atElenorTind | ylayxpaeksesdehyttiba nuikher aife secdqrtses ngheided in
ski pped 20 portions. Along junp is specifically defined as a junp whose

j unp di stfancdevektgredonarpiledet®r paned dllrseshohd aadarsdarfar  edabpl ghe t he
BD- ROM st andards specify that the threshold value is to be 40,000 sectors
based onpuegnase dfl)t FbeBDlRORdks exantittilon neadi h§o6apabtiucys ofhe he

BD- ROM dri ve. 25[0130] During a junp period, the BD-ROM drive 1801
cannot r &@YRAK f FoRFrad BMROMIGIOSc 101.pooformhe PppRaybBatk pEayack 02 to
sean essly play back video fromthe AV streamfile 2100, the systemtarget
decod®r FBEFHOIND be2)abTee t Blephirhuexgssddiong Wridces3ihggenera®e i ng a
junp period and shoul d _be able to maintain continual output of decoded

vi deo dat3PFHEDRFEACAPT f MERRMENE FRIEHRS SH® ML IGEC KeSBFEcdabA. t hus
needs to be 5 designed accordin Fi 22 1S a schematic

ly. [0131] g.

di agr am SHGiTHG S rﬁlEyﬁa%?n%¥%Eé§s£%9%t?ﬁnqnﬁsFﬁ@tFWet?EHEFa@%%%@eHevice
shown, UL A% Tk FLAMDRCK BT BPES2 SYSLSTLCVELLs 0 AV St cam i e
srown 1 o Retl cLle B0 FOM dtl e AS0L et a0 Y shLcfiomils, B oM
ggm’g% é%g%ﬁsa“?r(%%q gg?}ggxﬁiéqﬁ%uq's,T@%es%%E%@nE rg%t tggcggg{;r%.%g?’a{’ee ads

determined by the programming procedure of the movie object file

and the BD-J object file in the authoring procedure of the BD-ROM

disc 101.

[0109]

20 The plane adder 1810 receives primary video plane data,
secondary video plane data, IG plane data, PG plane data, and
image plane data from the system target decoder 1803, and
composites these data into a video frame or a field by
superimposition. The resultant composited video data is

25 outputted to the display device 103 and displayed on a screen
thereof.

[0110]

<<Structure of System Target Decoders>>
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15 in the read buffer 1802 at a nean transfer rate of Re= and then decodes
the source packets into video data VD and audio data AD. Note that the nean
transfer rate of Res does not exceed 192/188 tines the systemrate 1101A
shown in Fig. 11. [0132] 20Fig. 23 is a graph show ng the change of the
accumul atggy gdata amount DA in the read buffer 1802 during a playback
process period of an AV streamfile. This is a graph of when video is

pl ayed back seguenbigal : ; : i iLg. 21.
5[ 0133] B R T e Gl =T

101 int ogébegeeatsbyl fos Ji80en During the rerd Reread tBREett Becagewul at ed

data anount DA, as shown by the arrow 2301 in Fig. 23, increases at a rate

equi val engos ciddienddd beseneeeh@iywaret hee¥ erd 0 ake Rod cnhddiezoean
~transfer rate Rext, i e . Rud - -ext. As shown in Fig. 21, when the |ast EA

in the tapfexsent7 M4 Alsck ea6k0 2 § B Hilitepeyday,mesh toct BeuheprTB in
the next extent 5 2101B. During the corresponding junp period PRJ, reading
of data {s$DOLi 20RO B cbst 2Y0MHE & 1sukproded.a phemai-one,deas dehodarby t he
arrow 2303 in Fig. 23, the accunul ated data anount DA decreases at the nean
transfer20d0 e Recdselegy vlideacdanuiiat ezl tht & dEodatodartde7x each baf f er
- 1802 during the read period PR1, 10 i.e. the size of the top extent 2101A,

i s assun@ecedebe? @i \malparimay thdidadecadeun? 074 ars fsecoadiafmyoautiie r ead
“buffer 1802 to the systemtarget decoder 1803 fromthe read period PRl
t hr ough €@ecfanp2pédi orn PRIRIS IPRIteS IS 2083, sheaminaryFivgder3plane
accunul ated data anount DA returns to the value at the start 15 of the read
perit@d PREMBYYt HRO_nd? oTeFPRAF LY Hige il e memosh ARAPL n aFiP§. P2aneaf t er
the junp JI, reading of the next extent 2101B begins. During the
cor r espOREPAEY REZF /R i1G0P Fr2e MeFOTINDAR3 bR ot PRUE PIGRS REMP Y 2984t he
accunul at edq data apount DA once again increases at a rate equivalent to the
di f f er en®REbREVRBAT20MY%EYE £P3Rsfer rates, or Rud - Rext. [0134] The BD- ROM
drive 18?% ggﬁs not actually performread/transfer operations continuously,
as shown § e arrows 2301 and 2303 in Fig. 23, but rather inteLtittently.

This The source depacketizer 2010 reads source packets from

15 ﬁhe read buffer 1802, extracts the TS packets from the read

source packets, and transfers the TS packets to the PID filter

2040. The source depacketizer 2010 further adjusts the time of

‘the transfer in accordance with the ATS of each source packet.

Specifically, the sburce depacketizer 2010 first monitors the

20 value of the ATC generated by the ATC counter 2020. Here, the

value of the ATC depends on the ATC counter 2020, and is

incremented in accordance with a pﬁlse of the clock signal of

the first 27 MHz clock 2030. Subseq‘uently, at the instant the

value of the ATC and the ATS of a source packet are identical,

25 the source depacketizer 2010 transfers the TS packet extracted

from the source packet to the PID filter 2040 at the recording
speed Rrg:.

[0113]
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25 ensures that the accunul ated data anount DA during the read periods PRl
and PR2 for the extents does not exceed the anpunt of the read buffer 1802,
or in other words, that overfl ow does not occur in the read buffer 1802.
Accordingly, the arrows 2301 and 2303 in Fig. 23 represent what is

sctually o Steppat 840l 91ease 8 any SISl SkEgholholacesgeee [ 0195

To seam essly eo fromthe top extent e next

extent 2 Qéﬁe&%gﬁfﬂﬂ@c,s@ec?}.rgﬁetﬂéjggug“ée %%%%E@ef%bilb? i&é’%&f:?%ﬁtis()d PRJ,

it is necessary to malntaln provision of romthe rea 1802 to

the systgHyEANOBle 4800eRa 1303 ARE £RSW £rL08bL ALl c QW PULe %ﬂ% Ll decoder
1803. Here, as nade clear by Fig. 23, even if " the top éxtent 2101A is

smal I, 1@ohtrbl hsii@quig@l enthéoptife rdataamyuy thaRstenhgdetsomyhe read
buffer 1802 to the systemtarget decoder 1803 fromthe read period PRl

through tbeebusn Pkt cot fied dhe@aad mahat ed 7dabidpanaung dA el | not
reach zero during the junp period PR)J. That is, underf low wl|l not occur

in the read dffder TE8PRckets 1Fdhiexanplhea cos @ackikenwt be By oemotiar get
decoder 1803 can maintain continual output of video data, and seanl ess

pl aybackisf tradebetred thi sheisetmatay avidepassidier e disnglay-k efter
seamnl ess pl ayback of video, the size Set of the top extent 2101A should
ful fill Ejbht PAPslra2Qidt36rdogquati®z0D lte Ix1BReK] ©6x1160StaROULT)
0x1A00 to O0x1AlF, 0x1200 to 0x121F, and 0x1400 to 0x141lF are
10 transferred to the secondary video decoder 2071, the primary
audio decoder 2074, the secondary audio decoder 2075, the PG
decoder 2072, and the IG decoder 2073, respectively.
[0114]
The PID filter 2040 further detects PCRs from each TS
15 packet using the PID of the TS packet. In this case, the PID
filter 2040 sets the value of the STC counter 2050 to a
predetermined value. Herein, the value of the STC counter 2050
is incremented in accordance with a pulse of the clock signal
of the second 27 MHz clock 2060. In addition, the value to which
20 the STC counter 2050 is set to is instructed to the PID filter
2040 from the playback control unit 1807 in advance. The
decoders 2070—2075 each use the value of the STC counter 2050
as the STC. That is, the decoders 2070-2075 perform decoding
processing on the TS packets outputted from the PID filter 2040
25 at the time indicated by the PTS or the DTS shown by the TS
packets.

[0115]

The primary video decoder 2070, as shown in Fig. 20,
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Rex, Rud Sext CEIL Xx T . 8Rud -Rjunp [0137] of the junp period PRJ in
units of seconds. The read rate Rd represents the rate of reading data from
the BD-ROM disc 101 to the read buffer 1802 in bits per second. The nean
transfer rate Rext represents, in bits per second, the nean transfer rate 5

at mhichiégﬁ?éggrggzpﬂgke2§r§8§%g£gedskge cthgtgﬁgog?@R%rang erfgd from

the read 1 to the systemtarget deco fe that dividing

the ”?a“p%i‘@%%%x{ﬁgsﬁfe}ﬁé ,sg%ﬁg@% l@a%m%t'éqrggtsw@asn By £ EBg) number

118" is for convert e unit o extent size xt frombits to bytes.

That is,5d03t hecexbentsshap & detJoRR €568 ethdd, Ankes ppENgpkesgtion CEI L
() represents an operation to round up fractional nunbers after the decinal

poi nt of pi Beuyal wer k& Pag &Y hepes . Teler@nafdiy vt e o, nicMemerabyespf the
extent size Sext expressed by the right-hand side of Equation 1 is referred

to ag "nhAEMEAE eXbE N 068 Z&ach i) Bl idye neprahf g hige Bite afeancr ansf er
rate ,R-xt is evaluated using the val ue obtained by dividing the size of an

extent expleRragddénide istbynbhe yexieni ddd Enttiiepridpaey tided dezedet an
extent expressed in bits" is equivalent to eight tinmes 20 the product of
t he nunbzo70f S ee patket $Hen TBh2OeX| etrite a1Bd 200 , ntideEB f0 A3yt esdper
source packet (192 bytes) . The "extent ATC tine" is defined as the range
of the ATBed3RB Q&G meyeaxelseparated in different memory devices. The
TB 2001 stores the TS packets received from the PID filter 2040
10 as they are. The MB 2002 stores PES packets reconstructed from
the TS packets stored in the TB 2001. Note that when the TS
packets are transferred from the TB 2001 to the MB 2002, the
TS header is removed from each TS packet. The EB 2003 extracts
an encoded video access unit from the PES packets and stores
15 the extracted encoded video access unit therein. The video
access unit includes compressed pictures, i.e., an I picture,
B picture, and P picture. Note that when data is transferred
from the MB 2002 to the EB 2003, the PES header is removed from
each PES packet. The compressed video decoder 2004 decodes each
20 video access unit in the MB 2002 at the time of the DTS shown
by the original TS packet. Herein, the compressed video decoder
2004 changes a decoding scheme in accordance with the
compression encoding formats, e.g., MPEG-2, MPEG-4 AVC, and VC1,
and the stream attribute of the compressed pictures stored in
25 the video access unit. The compressed video decoder 2004 further
transfers the decoded pictures, i.e., a video frame or field,

to the DPB 2005. The DPB 2005 temporarily stores the decoded

pictures. When decoding a P picture or a B picture, the
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source packet in the extent, i.e. the value of the ATC representing the
time interval fromthe ATS for the top source 25 packet in the extent to
the ATS for the top source packet in the next extent. Accordingly, the
extent ATC tine is equal to the tine required to transfer all the data

“incl Udedc@;ﬂgkggf@étﬁﬁeé rc%@&f@r r O?’ﬁgéeefs J,%O?Chteo dfe*&%d%l‘isgﬁ&hi‘

decoder 180 the finite size o the read

buf f er 1§93ré85£r£ 't?lESDﬁﬁ'ezd@(' ‘T‘l‘l@ M@t%@i £ Hd Rt BB ddciigE kReWhi ch
seanl ess pl ayback is possible. That Is, even if the accunulated 5 data

amount Détb@éé'}f}é:ﬁd}%é ihk oCRRaGirtivna0ly Fheehasthiuitiaior}888s0at exessi vel y

l ong junp tine unp due to an éxcessively long junp distance to the next

extent weghnd @@ugﬁetb@sagﬁmlByedhdabalgmaumt TEA Fh@_kéeaCh zero during the
junp period PRJ, and accordingly, would cause depletion of the data

accurmmul afedish 10 the read buffer 1802. In this case, the systemtarget
decoder 1803 would stop providing video data, and therefore seanl ess

pl ayback coul driet skeocadatrgvedidder denaldicer , 20T Hewrgildeef there saeguired
for the accunul ated data ampbunt DA to decrease fromthe full capacity of

t he readshulitenré@@2the pzemaryhviéeddiezotie rs2PPo y Thieose ¢dredBD ROWledi sc 101
to the read buffer 1802 is suspended, that is, the maxi num val ue of the
junp tineTpdap 2dMlohabée degrodenithestsS phafbaskef ither s¢eondary vided” maxi num
junp tine." [0140] 20Standards of optical discs normally predeternm ne the
rel ati onghrpaber@eehvpdmprainsttarecSanti ] tewp 20 4Rs ibfousinggmpire sgedess

speed of an optical disc drive and the like. Fig. 24 is
10 ©pictures. Subsequently, the secondary video decoder 2071 writes

the resultant uncompressed pictures into the secondary video
plane memory 2091 at the time of the PTS shown by the TS packet.
[0117]
The PG decoder 2072 decodes the TS packets received from
15 the PID filter 2040 into uncompressed graphics data and writes
the resultant uncompressed graphics data to the PG plane memory
2092 at the time of the PTS shown by the TS packet.
[0118]
The IG decoder 2073 decodes the TS packets received from
20 the PID filter 2040 into uncompressed graphics data and writes
the resultant uncompressed graphics data to the IG plane memory
2093 at the time of the PTS shown by the TS packet.
[0119]
The primary audio decoder 2074 first stores the TS packets
25 received from the PID filter 2040 in a buffer provided therein.
Subsequently, the primary audio decoder 2074 removes the TS
header and the PES header from each TS packet in the buffer,

and decodes the remaining data into uncompressed LPCM audio data.
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a table show ng an exanple of the relationship between junp di stances Sjunp
and junp tines T unp specified for BD-ROMdiscs. 25 In Fig. 24, junp

di stances S junp are represented in units of sectors. Here, 1 sector = 2048
bytes. As shown in Fig. 24, when junp distances fall within the range of

0-10000, Tﬂé’%@gl@% a708Q L4208, ’F@%hg.‘czlgr@%gés _%ﬁ‘étxcgéﬂ't’z%gc %&%8 5 ﬁgd

1/ 10 stroke greater, the correspondi ju tines are

350 s, J00:NBo @ AR MBixd LSRR iMelthe HigndNdH TWY @rkerbohzes are

cal cul ated according to the regulation showmn in Fig. 24. Furthernore, the

AV st reaphé idr8 il YEdSAck8E O Brdlpidalrhy a0d9b SXE&MS 2dd ahnagegd on the
BD- ROM di sc 101 in accordance with the mni num extent sizes. Wen the

BD- ROM dh, st clli rich seHehedoitdte uhRemBR-RAMOaL¥Eo18Ma af hBeophayback
device 102 conplies with the regulation shown in Fig. 24, thereby being

abl est o weeiers bymplrayshadkevdsteng mrgemd,r emgt hec BDORMr d] stdlBhe
10[ 0141] When the BD-ROM disc 101 is a nmulti-layer disc and a

recor di ngtteyerattormitead ichesprinhes dadaooétesah ayiarcludl 1, ahe needed
for operations such as a focus junp to switch layers in addition to the
junp tines Tpacketspecified in Fig. 24. This 15 length of time is
hereinafter referred to as "layer switching tine." Wen there is a |ayer
boundar y[®EZ@ken two extents to be consecutively read, the m ni num extent
size is accordingly determ ned based on the sumof the junp tinme ;mp

corr espondi ng The tdeegndartiesddrc despdelri pOREt heerthehesamgosextehugeand t he
layer 20 switching tinme. [0142] The maxi mum junp di stance

cor FE@sporlitAly PEimRsYraRdhedsandet 2084 -s Thet e pondarY eadichdercedelrati on in
Fig. 24 and the |ayer switching tinme. For_ exanple, assum ng that the

maxi mum 2%7 FF St %@CP@G—?G@?@,T Rafkehe pthruReroRpayay & stgegm) 0
stroke (approximately 1.2 GB)_ and 40000 sectors (approximtely 78.1 MB)

Wi t hout ‘EGW‘?‘E fqunhfr]é‘F BOY dar e 1 80 AREROURSPRIEERT F4@ IR eAtsio

respectiyely.
P gatg. Subsequently, the setcondary audio decoder 2075 sends the

uhcompressed LPCM audio data to the audio mixer 2095 at the time
15 of the PTS shown by the original TS packet. The secondary audio
decoder 2075 changes a decoding scheme of the uncompressed audio
data in accordance with the compression encoding format, e.g.
Dolby Digital Plus or DTS-HD LBR, and the stream attribute of
the primary audio stream, included in the TS packets.
20 [0121]
| The audio mixer 2095 mixes (superimposes) the
uncompressed audio data received from the primary audio decoder
2074 and from the secondary audio decoder 2075. The audio mixer
2095 further sends the resultant composited audio to an internal
25 speaker 103A of the display device 103 or the like.
[0122]
The image processor 2080 receives graphics data, i.e.,

PNG or JPEG raster data, along with the PTS thereof from the
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[ 0143] - When video that extends fromone section of an AV streamfile
through a second, different section is played back, to seanl essly connect
the video played back fromthese sections, 5 the arrangenent of the | ast
extent of the previous section in the playback path and the top extent of

the nextpssellp,shouldsabh shddiepbol] 0N 00 ORI Qhsndlisinibhe size

of the [Tast”extent s |'east qui vale to the mn xtent size

cal cul at Qasgﬂeoﬂmg gegg%ﬁegg%&aﬁ%%é;%ﬁé?éﬁf&éf@%g”%%ﬁﬁgfées1Qh&he j unp

di stance shoul d not e he “maxi mum st anc Fig. 25

IS a schempth fodi G ARRNMIRGAPhEXFPRLE: 85 Ga PV ¢Rle %&é@@?nﬁﬁlﬁﬂé of

extents when 2D video i nages are continuously played back fromthree

di f f er enferd@sy i 9564 15: 254d- 2543 Of @ne A¥rstEgaprbile in turn. As shown in
Fig. 25, a playlist file 2500 includes three pieces of playiteminfornmation

(Pl #8- 3) [@B#dr 2503. These pieces of playiteminformation 2501-2503 specify
the entireties of the three different sections 2511-2513, respectively, as

a playback 20 smefdiodnl Thersetfdnit 26hl- 893 ase diwi dedecant oralpkural ity
of extents 2521A, 2521B, 2522A, 2522B, and 2523 and recorded on the track
202 of tHepBREE&OM ad seD 101ded0tdddedhe sizes of the extents 2521A and 2521B
in the recording 25 area of the top section 2511 are at |east equivalent to
t he corrB&Joadi ng m ni num extent size. Here, the mninmmextent size for
the top extent 2521A is calculated fromthe junp distance GL fromthis
extent 2521A tWhaemeAViextrext ehlle@s52d&reFant imai BDnviedeentimagee foe t he

| ast extent 2521B is calculated fromthe junp distance & fromthis extent
2521B t cstdeed o bReER-RBPIAsen Qhe thedonphyyichl pr2sarmenantt heedsr e, both

jump distances GlL and & do not exceed the maxi mum junp di stance.
to be designed so that the 2D video images can be played back

seamlessly. Such a physical arrangement is described below.

Here, seamless.playbacklneans that video images and sounds are

played back smoothly and continuously from AV stream files.
15 [0125]

AV stream files are recorded on the BD-ROM disc 101 as
groups of extents. Here, logical addresses are consecutive
within a single extent. As described previously, logical
addresses in the BD-ROM disc 101 are substantially equivalent

20 to physical addresses. Accordingly, the physical addresses in
an extent are also substantially consecutive. Therefore, the
BD-ROM drive 1801 can continuously read one extent without
making the optical pickup perform a seek.

[0126]

25 In the volume area 202B shown in Fig. 2, each extent is
generally recorded in a plurality of physically consecutive
sectors. These sectors belong to the recording area for an AV

streamfileletheSTREAMdirectoryarea.Therefore,thelogical

67



5 Simlarly, in the recording area for the second section 2512, the sizes
of the extents 2521A and 2521B are at | east equivalent to the correspondi ng
m ni mum extent size, and the m ninum extent sizes are calculated fromthe
junp distances G3 and (4 between extents. Furthernore, both junp distances

Gl and Ga%d? eQQt o:l.’o eeaxc%eegx Qﬁt éh%lﬂﬂgw{é' %&%ﬂlceeaé ]éfiocagion By
inth e pr

desi gni ng € arrangemnment of ‘each extent IS way, data can ovi ded

to the s e r.18 j u e rgd j he read
bufor 1EOSC P Tog Lo ERe i e (EL 08 LabBOobL, LR Bah e g e e
junp peripds, the systemtarget decoder 1803 can continue decodi ng
processi ng and mai ntain continual output of video data after decoding. In
this way;,28;yi deo i mages can be played back seam essly fromthe sections
2511-251%. 20{0147] <Principle of 3D Video |Image Pl ayback> [0148]

Pl aylgack met hoflsgof 53D video LARERSt Bke ditalny shaashhi ed pAyeitwo
categories: nethods using a hol ographic 25 techni que, and nethods using

par al | axa¥#i-889eméRE4H extents énMRi86-ROMNGi 8c ha)0grapshewh eehrigue is
characterized by allowing a viewer to perceive objects in video as 77

St er eoscop| GarbRvOs Vi &gm tHig &/ beveris aihsisRld pateefiron exdtlzsitanbiallhy t he
sane information as optical information provided to visual perception by
human be2ngssofard a1 ®biectrsiedHonenles ,t @ dihawghoa tleehhisallotlheasy for
utilizing these 5 nethods for noving video display has been established, it
i s extregebyndid fHigul 21t,0eachsbdf uche sxcoartds rRjl tlRtthd sprestnnubeshyol ogy, a
conputer that is capable of real-tine processing of the enornous anount of
cal dwl at aonanggdi rimgt fdorf frenenty evitéas sdazspl agt arrhsedispiawiddy eashhavi ng
super-hi gh resolution of 10 several thousand lines per 1 nm Accordingly,

at the peebent To weanliessilaabilanthark ofidaessomethodxfasrtcgmidPcial use is

hardly in sight. : '
the physical arrangement of the extents 2101A-Cneeds to satisfy

the conditions described below.
[0128]

15 A group of arrows Al shown in Fig. 21 indicates a playback
path. As the arrows Al show, when video images are played back
from the AV stream file 2100, the extents 21014, 2101B, and 2101C
are sequentially read by the playback device 102. When the first
extent 2101A has been read to its end EA, the BD-ROM drive

20 temporarily stops the reading operation by the optical pickup,
increases the revolving speed of the BD-ROM disc 101, and
quickly moves the top TB of the next extent 2101B to the location
of the optical pickup. These operations of causing the optical
pickup to suspend the reading operation and then, while

25 suspended, position the optical pickup over the next area to
be read is referred to as a "jump." In Fig. 21, convex portions
J1 and J2 in the playback path Al indicate the period in which-

a jump is performed on the playback path Al, i.e. the "jump
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[0150] "Parallax video" refers to a pair of 2D video i mages shown 15 to
each of a viewer's eyes for the sane scene, i.e. the pair of a left-view
and a right-view. A nmethod using a parallax video is characterized by

pl ayi ng back the left-view and right-view of a single scene so that the

Vi ewner Sﬁ@%iS&?“ view in only one eye, thereby allow ng the user to
perceive the scene as 20 stereoscopic. [0151] Figs. 26A, 26B, 26C
are schqu&bg]diagrans illustrating the principle of playing back 3D video
i mges (stereoscopic video) according to a nethod using parall ax video.
Fig. 26A 25 shpysed romy e Iemel. 2 LS gl ' cupe 2602
pl aced in front o?é tﬁhaﬁgﬁe%ﬂggpggg Fi gsk. %glg% g%g %ggdﬁ%sgggl i'vg y show
the outepqappeshanee t¥e tdise£aPE602 %%c%e%@i%bdQQ:'@@&ﬁe@éi@%rﬁﬁéVed_by
the left eye 2601L and the right 78 eye 2601R of the viewer 01. As is
cl ears fr egveoupagi Rpeld. o26BraNdBH Blom 26€sct heo PUt @h-aaRPeAmcesraf the
cube 2602 as perceived by the eyes are slightly different.” The difference
of the ouperadpprarenNerssirg &he bbeibhNoputhiip Pad &l hkadiall aueebribg Vi ewer
2601 to recogni ze the cube 2602 as three-dinensional. Thus, according to a
met hod usEnghpadabkt axFutdeojuhpestrel eperandonsgbf ABvihgeehenmageasw th
different viewpoints are prepared fora single scene. For exanple, for the
cube 2602oshoinni nfFithe 2PA1idae diefiupyi EBvomfotderecbed 2692lapernton Fig.
26B and the 10 right view shown in Fig. 26C are prepared. Here, the

posi t i onanbtharhwhemviyis BD-ROMIdtiecninadibya mhe thitlegdradipar. alThageof the
vi ewer 2601. Next, each video inmage is played back so as to allow the

cor AdspohrPag @l dusst generewdly 280setad lomasst veekt tiGermutj@ehetgert he

vi ewer 2601 recogni zes the scene played 15 back on the screen, i.e., the

vi deo of nﬂlﬁbeéu%g BB Htipred copitdie Ineadiing wapcagviciske amdt AbYS usi ng

t he hol ography techni que, nmethods using parall|ax video have the advantage
of requi PFRgTBEBHEPEL FOna6f "AONE dBBRSrelg Uy R Frel 61y PRBIOHewbbENt s.

20[ 0152] ) Several concrete nethods for how to use parallax video have
been propBsegal BIGHUNEE R ANAST PRIDRI RERIEHESE - AR FRIFRI Ay ABFENgNd ri ght
2D video_jmages to the viewer's eyes, the nethods are divided into
aIternatgh?rgﬂ%péﬂﬁﬁﬁﬁﬂﬁrﬂ} REh Jds ShOWARRBYE - t#hat IR 49 8t €6RSr | ens,

and jlo- £l or  2EPALall on MELNOUS rtions G1 and G2 on the track 202,
respectively. The length of a portion skipped in a reading
process during a jump period, i.e. the length of the portions
Gl and G2, is called a "jump distance." Jump distances are
normally expressed by the number of sectors included in skipped

20 portions. A long jump is specifically defined as a jump whose
jump distance exceeds a predetermined threshold value. For
example, the BD-ROM standards specify that the threshold value
is to be 40,000 sectors based on the type of the BD-ROM disc
and the reading capability of the BD-ROM drive.

25 [0130]

During a jump period, the BD-ROM drive 1801 cannot read
data from the BD-ROM disc 101. For the playback device 102 to

seamlessly play back video from the AV stream file 2100, the
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[0153] In alternate franme sequencing, left and right 2D vi deo i mges are
alternately displayed on a screen for a predetermned tine, while the

vi ewer observes the screen using shutter glasses. Here, each lens in the
shutter glasses is, for exanple, fornmed by a liquid crystal panel. The

| enses p r block 1Jjght.in ni.f or nd ternate. . manner. in..

synchr onEY BT AT S g 2o e DL aBat AR O e ERRR. Tha
is, each anct i tt.er that petiodi | . ock e of the
Vi ewer . ?ggg%ggﬁf%§§§|§§r%ﬁﬁré-gQﬁg}t Vﬁlé% %@%g%é+%l i§%l§?g gﬁ t he
screen, 1t t lﬂﬁgﬁ = §i §¥$; nsi b Light and
the yigh%ggg;ggéigéng%ﬁgégﬁ%c |§ﬁfégggﬁs§fgg?%?(i I éﬁgg??gk%l$%geo i mage
s displ gyedoganbhie SEMERR. ckREneBUbheknd! a3SES 1ARKERbECAELAR! 8l de ol ass
transmt light and the left-side lens block [ight. As a result, the eyes of

t he wjemgésgﬁgeafgggggagﬁ§l9t the right and left video images, 15 which are
overlaid with each other, "and perceive a 3D video image. [0154]

Accordi ngot@iyhe al ternate-frame sequencing, as described previously, right
and left video inmages are 20 alternately displayed in a predeterm ned
cycle. For exappye, 2¢harns 24 viHemathames aarand Sphwiief pee peegnackor

pl ayi ng back a normal 2D novie, 48 video franmes in total for both right and
| eft eyeprbeedstoydecemliisp iajedhborD 133 wak devAceoEHbngl yn B gl 3l.ay
device able to quickly execute rewiting of the screen 25 is preferred for
thi s netfthds pDaPbick processn sysedhocbusengs aan et istitesm Ifalis read ght
video frame and a left video frane are respectively divided into
r eed-G hapedm8the SROMIGE sral bdwiateasi ddm s tdeoND andianadisidas IADe in t he
vertical direction of the screen. In the screen, the small areas
As shown in Fig. 22, the BD-ROM drive 1801 reads an AV clip from
the BD-ROM disc 101 in units of extents and then stores the AV
stream file in the read buffer 1802 at a read rate of Ryg. The
system target decoder 1803 reads source packets from each extent
15 in the read buffer 1802 at a mean transfer rate of R and then
decodes the source packets into video data VD and audio data
AD. Note that the mean transfer rate of Rexr does not exceed
192/188 times the system rate 1101A shown in Fig. 11.
[0132]
20 Fig. 23 is a graph showing the change of the accumulated
data amount DA in the read buffer 1802 during a playback process
period of an AV stream file. This is a graph of when video is
played back sequentially from the three extents 2101A-C shown
in Fig. 21.
25 [0133]
First, the top extent. 2101A is read from the BD-ROM disc
101 into the read buffer 1802. During the read period PR1, the

accumulated data amount DA, as shown by the arrow 2301 in Fig.
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of the right video frane and the small areas of the left video frane are
alternately arranged in the | andscape direction of 5 the screen and

di spl ayed at the sane tinme. Here, the surface of the screen is covered by a
| enticular lens. The lenticular lens is a sheet-shaped | ens constituted

from paral| eiﬁéf%%%%&%}%g € elq?.\l'}%ia G I t%%ga%%?@n'c%”ﬁgﬁweéﬁcht he

hog- backed’ | ens ongi nal direction on the surface of

screen. 4 Wel: 2atlone asgehd Mgahel LaADE L. Yideo; fLanes Lhiguoh the

| enticular | ens, only the vi ewer eye percerves [T1ght fromthe

di spl ay Rgeasowh M‘efi'gﬁ.f b1Vi deenf AR 2 8RdERN Y (e tY LW ens bh@AR eye
perceives light fromthe display areas of the right video franme. This is

how the yiev&dd seesudp IR Vsd8o-f SBRAES frOmhiotbperPanathanial weeanthe vi deo
I mages respectively perceived by the left and Tight eyes. Note that

accorsdi ng1d 0Bt Wh-iFRf fied c_o&&‘é%@:%hd@ﬁlgi Pdhp GRAIGIENE T havadd ngi &F ata
functions, such as a liquid crystal device, nay be used instead of the
| enti cul 8&fom the BD-ROM disc 101 is suspended. Therefore, as shown by
the arrow 2303 in Fig. 23, the accumulated data amount DA
decreases at the mean transfer rate Rex:. Here, the accumulated
data amount in the read buffer 1802 during the read period PR1,
10 i.e. thesize of the topextent 21014, is assumed to be equivalent
to the data amount transferred from the read buffer 1802 to the
system. target decoder 1803 from the read period PR1 through the
jump period PRJ. In this case, as shown in Fig. 23, the
accumulated data amount DA returns to the value at the start
15 of the read period PR1 by the end of the jump period PRJ. As
shown in Fig. 21, after the jump J1, reading of the next extent
2101B begins. During the corresponding read period PR2, as shown
by arrow 2303 in Fig. 23, the accumulated data amount DA once
again increases at a rate equivalent to the difference between
20 data transfer rates, or Rug - Rext.
[0134]
The BD-ROM drive 1801 does not actually perform
read/transfer operations continuously, as shown by the arrows
2301 and 2303 in Fig. 23, but rather intermittently. This
25 ensures that the accumulated data amount DA during the read
periods PR1 and PR2 for the extents does not exceed the amount
of the read buffer 1802, or in other words, that overflow does

not occur in the read buffer 1802. Accordingly, the arrows 2301
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lens. Alternatively, for exanple, a longitudinal polarization 20 filter may
be provided in the display areas of the |left inage franme, and a | ateral
pol ari zation filter may be provided in the display areas of the right inmage
frame. In this case, the viewer sees the display through polarization
gl asses. r or, _t ol-ar i 1.0 - I i pal |_arization
filter i25§5§gpgvﬁ e%qggrZ?hééﬁg#FﬂFgaéaiﬁadl% %g?g?%?9p§|§F?§a§?§% filter
i's provigdgd LOL.t De é%ng%ngQ%ma HSEEEE%M‘; ihReebkght and [eft video
i mges are respectively rceived only by~the correspondi ng eyes, thereby
al I owi ngphesyi ewer to recognize a stereoscopic video image. [0156]
In a nmethod using parallax video, in addition to being constructed fromthe
start by a compbnadd e 41+ ¢fila, AR Jid FhleYl 886mi FRYGSp i 3R vhdaa content
can al so be constructed from a conbi nati on of 2D video i mages with a depth
map. sTheaZ® thdeexitnBgesnt enf €5 e AR MIERO0cE NBYE S uRiPT €6t By *he
hypot heti cal 2D picture plane, and the depth nmap represents the depth of
each poré&henrefijthe pHr Mderd Mgeiasnce8pasey t® nidithtdd Pipdiowies inane 10
in units of pixels. Wien the 3D content is constructed froma conbi nation
of 2D vi deddatamgaomithe acdembf fiep,1ddre t3DthkayPackm deardxer adeddid@rdi spl ay
device first constructs left and right videos fromthe conbination of 2D
vi deo i nhge3 awmd rerssudeptdontamuarid oulien tC feameshd e oldor | Ieqpes Herem t hese
| eft and right videos 15 using one of the above-described nethods.

as made clear by Fig. 23, even if the top extent 2101A is small,

10 if it is equivalent to the data amount transferred from thé read
buffer 1802 to the system target decoder 1803 from the read
period PR1 through the jump period PRJ, then the accumulated
data amount DA will not reach zero during the jump period PRJ.
That is, underflow will not occur in the read buffer 1802. If

15 this is the case, then the system target decoder 1803 can
maintain continual output of video data, and seamless playback
of video from this video data is possible. Accordingly, for
seamless playback of video, the size St 0f the top extent 2101A

should fulfill Equation 1.

20 [0136]
Equation 1
S > Sext T R
ext — + Jjump X ext
ud
R R
S >CEIL | ~etx_— " T
8 R_,—R i
ud ext
[0137]

In Equation 1, the jump period T4ump represents the length
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[0157] Fig. 27 is a schematic di agram showi ng an exanpl e of constructing a
| eft-view 2703-L and a right-view 2703-R from a conbi nati on of a 2D vi deo
i mage 2701 and a depth map 2702. 20 As shown in Fig. 27, a circular plate
2711 is shown in the background 2712 of the 2D video i mage 2701. The depth

| hows | (the 2D video immge 2701, The dept
age. 2700, A CHEDR RETE HE et i S702° R Ene 198 GFaBo  Fhag270L,
i i . 7 [ I . L [
than t ner aeregied Se il o XS0 s DIALE e i, e BB 550360C Geoper
than t hepscie o Rl ha%aflen; generation sl tnd 4R chasRLayback

device 102 tirst cal at es the binocular each portion of the

2D vi deor i pBge, 2701, USLRY L hey 8l SaEbnRONtOReEAdiCALaL by the depth
nap_2702? hbxt,tthérparalféx v?ﬁg%bgenera¢$%n'uﬁ#i %700]§ﬁ%fts tﬁe di spl ay
posi tg onz of yeaeh RN | 88ul-Ret M KALd deoni 488632101 ddrmcsprdancg wi th the
cal cul ated binocular parallax™5 to construct the left-view 2703L and the
right-vi enagd68Rreinci-BR eXaMlcRsWEd N R 24, thBespatah! aurykdeo
generation unit 2700 shifts the display position of the circular "plate 2711
in the 28ybdes istpe NOH@Ltastl @l oasngtiiee dicsil ayapeseti eacofr L henci reul ar
plate 2731L in the left-view 2703L is shifted to the

the second line of Equation 1 by the number "8" is for converting

the unit of the extent size Sext from bits to bytes. That is,
10 the extent size Sex: is represented in bytes. The function CEIL()

represents an operation to round up fractional numbers after

the decimal point of the value in parentheses. Hereinafter, the

minimum value of the extent size S expressed by the right-hand

side of Equation 1 is referred to as "minimum extent size."
15 [0138]

More specifically, the mean transfer zrate Rex: 18
evaluated using the value obtained by dividing the size of an
extent expressed in bits by the extent ATC time. Here, the "size
of an extent expressed in bits" is equivalent to eight times

20 the product of the number of source packets in the extent and
the number of bytes per source packet (192 bytes). The "extent
ATC time" is defined as the range of the ATS assigned to each
source packet in the extent, i.e. the wvalue of the ATC
representing the time interval from the ATS for the top source
25 packet in the extent to the ATS for the top source packet in
the next extent. Accordingly, the extent ATC time is equal to
the time required to transfer all the data included in the extent

from the read buffer 1802 to the system target decoder 1803.
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10 right by half of its binocular parallax, 51, and the display position of
the circular plate 2731R in the right-view 2703R is shifted to the left by
hal f of its binocular parallax, 31. In this way, the viewer perceives the
circular plate 2711 as being closer than the screen. Conversely, the

par al | ax %#ggp 15 generation unit 2700 shifts the display position of the
backgrouk 12 in the 2D video image 2701 as follows: the display position

of the backgr Qyndp273dhes a]tAae, £ﬁ%tfi§1nl t%zggtof %h%M£é&%uff%e&hfsg§ft by

hal f of its blnocular par a i splay position of

backgr Ouf@s@17§gﬁs'E‘héhﬁa%gmﬁ{ng%‘l\’l'ee‘%fZ7% jtécnﬁhtirB@thO the ghokh by half

of its binocular parall ax, . his way, The viewer er cei ves the

backgr ousuh#ild2s 33 ReJalg ﬂ@%sﬁma@ trh8 +S£E e@Rrer] DA 38l AcBlmybPackasystem

for 3D video images wth use of parallax 25 vi deo has al ready been

est abl i siieeh BAGURSEDA RreBRVEd ﬁlﬁ@&h@&%aﬁééi@ﬁbﬁm rBaamigg®@nigpar ks, and
the like. Accordingly, this nmethod is so useful for inplenenting hone

t heat er &ysbarssdiedl£andy gurpaekm@Dryi getud rmges ekBebbevenbolongnt s of
the present invention, anong nethods using parallax video, an
aIternatﬁuﬁpaﬁ&s@&mpéﬁunruhanﬁdmmjextanunmdmmd aausg phkaaczanhubatgfiasses i s
assuned to be used. However, apart fromthese nethods, the present

i nvent i odetcanmbsor B2 dppliesttl o tcheringe tihed § umgs peongda®RUhegndse
paral |l ax video. This will be obvious to those skilled in the art fromthe
fol | owi nececpiinaty orwaild evsrebdepdettion pO159¢ daat acSumudeded o 3D

Vi deo Content> 10[ 0160] Next, anong the file group in the BDW

di r @6t oryhesaeahdwi far Ri8§z2 -2 Inaphégpraseat i dre isyshesvitaagetofechdetat a
structure of the files related to playback of 3D video content. Here,
fundament&93 preekd GTtam @ TRt ing edae date i @aek therefPER CRaBResS

playback could not be achieved. Hereinafter, the length of time
required for the accumulated data amount DA to decrease from
the full capacity of the read bﬁffer 1802 to zero while data

15 supply from the BD-ROM disc 101 to the read buffer 1802 is
suspended, that is, the maximum value of the jump time Tjum
allowable for seamless playback, is referred to as "maximum jump
time. "

[0140]

20 Standards of optical discs normally predetermine the
relationship between jump distances and jump times by using the
access speed of an optical disc drive and the like. Fig. 24 is
a table showing an example of the relationship between jump
distances Sjump and jump times Tjuw Specified for BD-ROM discs.

25° In Fig. 24, jump distances S;ugp are represented in units of
sectors. Here, 1 sector = 2048 bytes. As shown in Fig. 24, when
jump distances f£all within the range of 0-10000, 10001-20000,

20001-40000 sectors, 40001 sectors-1/10 stroke, and 1/10 stroke
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15 of the data structure for 2D content, which is shown in Figs. 2-17.
Accordingly, the followng will nmainly describe expanded or changed
portions with respect to the data structure for the 2D video content,
i ncorporating by reference the aforenenti oned explanation for the

fundanen&§l Pg %ér 29@ d?;kr ﬁ? e te%gﬁgﬁ%l %£g1 gbx 5%%' " [0162]

Fig. 28 T1s enmat i'c di agra |onsh|p t'ween a *frovi e

e N@gb%gg nﬁnﬁnéP-g %Ph&?he |h§% é%?‘%%¥%eh%{§q& reell(]f}e&ltg}llp‘aCk °

3D vi deo™ T nages esCri’béd ypes of

I i e e e T e S e ?#‘F"ﬁ\e SEhira
Dl ayl i st {idher (i0000%-o ML) AP 4AC AP £ 3D aMikalucld Lago d Bitealngex table

310, the itens "title 3" and "title 4" are allocated to 3D V|deo titles.

The nmpvi grobieeht Weh3D AssRel atad mid oM 8Be biok! endaceerlidnee, in
addition to a group of commands related to 2D 5 video i mage pl ayback

processi RYtHSENE nlif nfunt’ 8kt 8heYdi Ads f WhRn2dB4 B KM UR sf 1 6eMmRdeH el at ed
to 3D video i mage playback processing using either of the other playlist

files 243%iand 2A3GD-IROM eiBD130abd £eheBRI4Y I3 lageaticat Boh Wohb 1tike item
"title 4," the application managenent table specifies, in addition to 10 a
Java appwi€at the pegglapioeal ahednt an2Pivi.dea,i ahgecplapeaal pbiecssi nNg
using the first playlist file 243A, a Java application programrelated to
3D vi deoseamylespllaybael baokesstng usengseiftrbar the BbeRoMhddspl apli.st fil es
2433 and 243C. 15[ 0163] For exanple, when title 3 is selected by user
operldt i ohp141]
When the BD-ROM disc 101 is a multi-layer disc and a
recording layer to be read is switched to another layer, 350
ms are needed for operations such as a ‘focus jump toswitch layers
in addition to the jump time Tjump Specified in Fig. 24. This
15 length of time is hereinafter referred to as "layer switching
time." When there is a layer boundary between two extents to
be consecutively read, the minimum extent size is accordingly
determined based on the sum of the jump time Tjup corresponding
to the jump distance Syup, between the two extents and the layer
20 switching time.
[0142]
The maximum jump distance corresponding to the maximum
jump time is determined from the regulation in Fig. 24 and the
layer switching time. For example, assuming that the maximum
25 Jjump time is 700 ms, then the maximum jump distance 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.
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t he pl ayback device 102 refers to the item"title 3" in the index table
310, and calls and executes the novie object WO-3D. In this way, the

pl ayback device 102 first perfornms the follow ng 20 four types of

di stingui shing processes: 1) Does the playback device 102 itself support
pl ayback . of §B0Video i mges? 2) Has the user selected 3D video i mage
playback§0§3 es the display device 103 support playback of 3D video

105 50t d? o 23)@%; gt bt ade S SR R el of AR B YRBEE T ut or s
0.2 Mg 10 WILShED, ideg,h Tegeseat np! ayed. back.! pomascgahinaton of 2

Ie:t-V|em/s r éam e and a'r -view streamfile, eas ept h node"
refers t j ' Vi ' Kk :

corti na S Peey LG, e biflo hIRRES 0. RN EBAEL SooPIPES et
the pl ay I lect e e, pl i i A~G tQ b
R Y e

di sti ngu{.:ﬁ@ige‘ﬁai}%é}ﬁ@ 268 affiehe eBptLeL SLPIE :Eﬁ@dmei@%éﬂtﬁ)@}ﬁﬁﬁoﬁﬁﬂi ce 102

refers to t tem"title 4" in Fhe i ndex table 310 and calls the BD-J
obj ect BRMOI 3B, the R1ahacly devdae it exesdiestracki Javse apRl ieati on

programin accordance wth the application managenment table. In this way,
the pl aygﬁﬁgnﬂ%&ﬁdlgtli)@awHeoé?ﬁi{fb.ieﬂboﬁlc@td@sﬁihbﬁdmcﬂﬁérﬁgEtii&hi ng
[

processes and sel ects a playlist |l e in accordance with the results
t her eof . ch0d644ted based on the jump distance to the top extent. Next,
10 the jump distance s.hould not exceed the maximum jump distance.
[0144]

Fig. 25 is a schematic diagram showing an example of a
physical arrangement of extents when 2D video images are
continuously played back from three different sections

15 2511-2513 of an AV stream file in turn. As shown in Fig. 25,
a playlist file 2500 includes three pieces of playitem
information (PI#1-3) 2501-2503. These pieces of playitem
information 2501-2503 specify the entireties of the three
different sections 2511-2513, respectively, as a playback

20 section. The sections 2511-2513 are divided into a plurality
of extents 2521A, 2521B, 2522A, 2522B, and 2523 and recorded
on the track 202 of the BD-ROM disc 101.

[0145]

The sizes of the extents 2521A and 2521B in the recording

25 area of the top section 2511 are at least equivalent to the
corresponding minimum extent size. Here, the minimum extent

- size for the top extent 2521A is calculated from the jump

distance G1 from this extent 2521A to the next extent 2521B.
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Fig. 29 is a flowhart show ng processes, perfornmed when a title of 3D
video images is selected, to select a playlist 15 file to be played back.
In the exanple shown in Fig. 28, when the item"title 3" in the index table
310 is referred to, selection processes are executed in accordance with the

g? gcgsggg“eg%“éwnggggﬁ?}éﬁe?ﬂ Ségzg%ktﬁgnr%é:ﬂzta{% g%’éeﬁ“é\rég%gpﬁ catl onf%g&%lr ggr ans
o s E Q%&Biﬁ%%%ﬁaevﬂr?ﬂ?%%ﬁ%%ﬁ5?1355 B R e e b
;geprg;Lac deV|c§ 78 %@égggzoféﬁg %' EEQFhf%ﬁ@%ggg%?%ﬁgggﬁ&geglgge
3:*323ffz%g%%+§e§%aak 2,18 8 ol L -ty viog Snbesieg s 0

evice 102 is set to L/ R node or

dept aégg/( igf%!n'ey B&aﬁl HE‘Eé séhatnd he SPRMs24) ibachydes flag

(A, I ncludes fl Furthernore, the value of each

flag s @?é'é'I%@sth It@fy éﬁEénEQeszﬁA amngszym&et be 194 241 -814401" the
pl ayback device 102 only supports playback of 2b video inmages, and when 5

it is "lgd thiRhAYdReka 08y ng @i ks &kisénsepper, tend@bheintan iumertphayback.
When the SPRM25) is "0," the 3D video i mage pl ayback node of the playback

devi ce 187748 dv¥RcHDdalaged when the ijumpl distheced @B dand iGrabetpeanback
node is depth node. [0166] 10In step 32901, the playback device 102 checks
the val ugxtents. Furthermore, both jump distances Gl and G2 do not
10 exceed the maximum jump distance.
[0146]

By designing the arrangement of each extent in this way,
data can be provided to the system target decoder 1803 without
underflow occurring in the read buffer 1802 during any of the

15 jump periods. Therefore, during all of the jump periods, thev
system target decoder 1803 can continue decoding processing and
maintain continual output of video data after decoding. In this
way, 2D video images can be played back seamlessly from the
sections 2511-2513.

20 [0147]

<Principle of 3D Video Image Playbacks>
[0148]

Playback methods of 3D video images are roughly
classified into two categories: methods using a holographic

25 technique, and methods using parallax video.

[0149]
A me‘thod using a holographic technique is characterized

by allowing a viewer to perceive objects in video as
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of the SPRM24) . If the value is 0, the process advances to S2905. If the
value is 1, the process advances to 52902. [0167] Instep 32902, the

pl ayback device 102 causes the display 15 device 103 to display a nenu and
allows the user to select 2D video inage playback or 3D video i mage

pl ayb aCkstL:fretég%oﬁigr %@Jl ?%é.%i?xﬁevkggo i\ﬂ%%%rplsay %%lfla\ﬁ” t %e%%&%%ﬁrog]i on of

a renote control fthe process advances to Ste t he
th h ' I ' . , rQcess
Sdvances MbstantiS 8CIiRE) B4hE | TRehelER LD DLBURREY, Skt o R
whet her Lspl i ohQ3 Sl j ' I 18
Specifichﬁygaéﬁgﬁ%rgsgggﬁjdevﬁggRﬁgé Z&c éﬁgggﬂ%igﬁﬂgggég%gﬁééﬁﬁﬁ11the

di splay geweserlO3h Miowdh HMe Lalli&a522 naBdyt e Pl gybacki dgvicgR k02 and
asks the display device 103 whether it suppor?s 3D video i nage playback. If

the & sphayhdeyi eéerlRdvdagsvigtosd dy 3hh yisieo i dBae, bl dack e tihe
process advances to step S2905, and when it does support 3D video i mge
pl aybackextiemplgCesSs AdARCaD teorEd 01 E2I04ccdbPAbRY to the present
technology, a computer that is capable of real-time processing
of the enormous amount of calculation required for moving video
display and a display device having super-high resolution of
10 several thousand lines per 1 mm. Accordingly, at the present
time, the realization of these methods for commercial use is
hardly in sight.
[0150]
"Parallax video" refers to a pair of 2D video images shown
.15 to each of a viewer's eyes for the same scene, i.e. the pair
of a left-view and a right-view. A method using a parallax video
is characterized by playing back the left-view and right-view
of a single scene so that the viewer sees each view in only one
eye, thereby allowing the user to perceive the scene as
20 stereoscopic.
[0151]

Figs. 26A, 26B, 26C are schematic diagrams illustrating
the principle of playing back 3D video images (stereoscopic
video) according to a method using parallax video. Fig. 26A

25 shows from above when a viewer 2601 is looking at a cube 2602
placed in front of the viewer’ s face. Figs. 26B and 26C
respectively show the outer appearance of the cube 2602 as a

2D video image as perceived by the left eye 2601L and the right
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In step 52904, the playback device 102 checks the value 5 of the 5PRM 25).
When the value is 1, the process advances to step 52907. [0170] I n
step 52905, the playback device 102 selects the first playlist file 243A as
t he playback target. Note that in this 10 case, the playback device 102 may

cruse (e, SRLAY derhoc Rt 0o By DSl SR RE SRR e

pl aybacke36\%152 Qﬁa/é%fl & .
dorl 06 108, 92080hsg SeaoCond 132l LLSL-[h e 2430085 e phabag taraet.
P ol P S R D R AR AR LR
o 1 U e LR RARE SOt DS sea i ikl 2038 e,
E&i%&n T {rzllllg %%3’3‘8?0% eg@l QLML AV £d LR9 P 2889% d BniQETBIMBY$8RKIONS
Thus, according to a method using parallax video, first, left
andright2Dvideoimageswithdifferentviewpointsareprepared
for a single scene. For example, for the cube 2602 shown in Fig.
26A, the left view of the cube 2602 shown in Fig. 26B and the
10 right view shown in Fig. 26C are prepared. Here, the position
of each viewpoint is determined by the binocular parallax of
the viewer 2601. Next, each videé image is played back so as
to allow the corresponding eye of the viewer 2601 to perceive
it. Consequently, the viewer 2601 recognizes the scene played
15 back on the screen, i.e., the video of the cube 2602 as
stereoscopic. In this way, unlike methods using the holography
technique, methods using parallax video have the advantage of
requiring preparation of 2D video images from merely two
viewpoints.
20 [0152]
Several concrete methods for how to use parallax video
have been proposed. From the standpoint of how these methods
show left and right 2D video images to the viewer's eyes, the
methods are divided into alternate frame sequencing methods,
25 methods that use a lenticular lens, and two-color separation
methods.

[0153]

In alternate frame sequencing, left and right 2D video
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AV streamfile 245B. Both the nmainpath 3003 in the first playlist file 243A
and the main path 3004 in the second playlist file 243B include three

pi eces of playiteminformation #1-3. The three pieces of playitem
information #1-3 all specify playback areas in the first AV clip group

Further THEBGCS 4= SECTRE ALK CH605 VAR R A PRT R 3005° PRELGHBS ™ AFBe i cces
't or et FoNe S L ERT R SHAR! SYBSERED Eer FES el BROATCT TR Gr b Ipoa0a: The

W th thosraece oY T R T e B et PR FERRBEL B bk
of “the. prayBabkaarda o1 The DR SRpRa i LR T et E e Aat i one

The syb- QatxﬁnJ@PQ?mfléLr{d”'e%%it% uges ﬁai}ﬂgi‘pafrtﬂ té@ﬁ%zam%ﬂswﬁat h

type" indicates whether the playbac 5 process y synchronous

bet ween EQ@t@B&agp@f b he fUP-RaLBs bA £h8: s3Peed NEr Ug Ok alhe
sub-path type 3006 is "3D L/R " This~val ue indicates that the sub-path 3005

is to bejuaedrimet hayhack ehudbeyiden pmdesildailliRoieees Mty of
particul ar that the sub-path 3005 specifies the playback path 20 for the

ri ght-vi enestiieaerfi Morel @bedi Ahen ihe diisd | ayttstifibbeinddA iis
sel ected as the playback target by the selection process shown in Fig. 29,
the pl aybaepldeedam 102 $ieyenpatie 2huvtdeylamgasmbkenmhdaffit-stiddd AV
clip group 3001 in accordance with the corresponding main path 3003. On the
ot hero hahdnswheanshiet skeicnd gpidayhiestifhkteh243Bside skdres tielbaks 1tikgtpl ayback
target, the playback device 102 executes 3D video inmage playback in L/R
node. | nCpaveireelyr ,while a right video image is displayed on the screen,
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 the right and left video images,
15 which are overlaid with each other, and perceive a 3D video
image.
" [0154]
According to the alternate-frame sequencing, as
described previously, right and 1left video images are
20 alternately displayed in a predetermined cycle. For example,
when 24 video frames are displayed per second for playing back
a normal 2D movie, 48 video frames in total for both right and
left eyes need to be displayed for a 3D movie. Accordingly, a
display device able to quickly execute rewriting of the screen
25 is preferred for this method.
[0155]

In a method using a lenticular lens, a right video frame

and a left video frame are respectively divided into reed-shaped

80



t he pl ayback device 102 generates a left-view fromthe first Al clip group
3001 in accordance with the main path 3004 of the second playlist file 243B
and generates a right-view fromthe second AV clip group 3002 in accordance
with the sub-path 3005. 5 At that tinme, the playback device 102 detects
that the value of the sub-path type 3006 is "3D L/R' and synchroni zes

pl aybackSProd e@8AngakELe &7 T WHASE pRMH Horingl sidesublpath 865, In
this way, playback of 3D videg inages in L/R node is performed. Here, the
first megméag FOSOCR PE W8 T ReRonfb AP 2IS S dEBe °a agEeBFay back

din 3D_.video . ol K i /R node.. [0176 I n each piece of
glnay: '? en?F\rﬁt!flb‘%Orﬁlltq % ﬁe?%g%gﬁﬁlon ﬁﬁ}h?/n%imf""lll% IaF@a£4%EtréF ételfé?aﬁlléﬁgry for

Dleft-vi : ] f i_ght-vi .St h
boen addblels T5° HE SUFARA LA BETar (bl ) SO BRAHR o *Fg Lo Ot

i 9 he, 2 ft-vi t th i ght - vi t
e
f . rit he ve . or
dent| 1y ho the e sPERteirbla SRR IR . YR %é%%lsagegh

her ei n. 77] Fi ' ' ' e e
St uct oy seRe i piafeetndody SERETELAS, CLAOLATR RO HaRE 1 TR APKEDREG R | |

243C. T ' | [ i by tihe. - ' 1-3 in
the fir glﬁu%ltFég?éedglr%cﬁllae%%%ﬁf%ﬁ%é g%,;lﬁggsdl F%é%r 0 psﬁ%%}%éq]ge (%lr_rred by

the sectipas iPCkAe 3 dy ittt di AN baash Ehil 240G oBatkk Lheeami n path
3103 in the f irst playlist file 243A and the main path 3104 in the third
pl ayld stwhehea 24%er 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
right eye perceives light from the display areas of the right
video frame. This is how the viewer sees a 3D video image from
15 the parallax between the video images respectively perceived
by the left and right eyes. Note that according to this method,
another optical component having similar functions, such as a
liquid crystal device, may be used instead of the lenticular
lens. Alternatively, for example, a longitudinal polarization
20 filter may be provided in the display areas of the left image
frame, and a lateral polarization filter may be provided in the
display areas of the right image frame. In this case, the viewer
sees the display throﬁgh pqlarization glasses. Here, for the
polarization glasses, a longitudinal polarization filter is
25 provided for the left lens, and a lateral polarization filter
is provided for the right lens. Consequently, the right and left
video images are respectively perceived only by the

corresponding eyes, thereby allowing the viewer to recognize
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include three pieces of playiteminformation #1-3. The three pieces of
playiteminformation #1-3 all specify playback areas in the first AV clip
group 3101. Unlike the first playlist file 243A, the third playlist file
243C further includes a sub-path 5 3105. The sub-path 3105 includes three
pi eces of sub-playiteminformation #1-3, and each piece of sub-playitem
i nf or mat FoRtRTEISEPRELT Vadeq pmagBack area in the thirdAvelip group 3102.
The pi eces_of sub-playiteminfornmation #1-3 are in one-to-one
corresponéréé with the pieces of playiteminformation #1-3. 10 The | ength
of the playback area of each piece of sub-playiteminformation is
equi val gnt to Fﬂeal‘é?lb}t‘%do‘ﬁs’tzﬁ% RALERbSR) BFRP of 17 r?eddégrlr%ﬁ@n&leri@lgpi gce of
layitem. i nformatiaon, Furthernore, the val ue of .the sub-path type 3106 in
Che. sub- FAPRCST65ReErap HRpLIFa il o SPTELPAAAER 88 17 AHb A@itpat h

oarTis SRR R IR UL R B
e 50 ShSaml el UTEb YUSEe Al OB IS, ke RS SyRREct e o
D101 i AHEYEEC-SR2CBL AN S0 Kagh M0 (TRORSo S B B sty i 0, 97 0P
hand, whep 4he (i gqu aylh§terfd hsgzgggﬁ gggi!eegh%g e gggg?l: &y %gap i target,

t he pl ayback devic 25 execute I'mage play node.

In parti J. j } i fromthe
o or AP om O B e o A Ty L e R B AT i

pl ayld st 1hi higi 2435k dcdenenless thedept BoRBRNEr 08 ¢diesdNidied from a

combination of 2D video images with a depth map, the 3D playback
device or the display device first constructs left and right
videos from the combination of 2D video images with a depth map
and then creates 3D video images from these left and right videos
15 using one of the above-described methods.
[0157]
Fig. 27 is a schematic diagram showing an example of
constructing a left-view 2703-L and a right-view 2703-R from
a combination of a 2D video image 2701 and a depth map 2702.
20 As shown in Fig. 27, a circular plate 2711 is shown in the
background 2712 of the 2D video image 2701. The depth map 2702
indicates the depth for each pixel in each portion of the 2D
video image 2701. According to the depth map 2702, in the 2D
video image 2701, the display area 2721 of the circular plate
25 2711 is closer to the viewer than the screen, and the display
area 2722 of the background 2712 is deeper than the screen. The
parallax video generation unit 2700 in the playback device 102

first calculates the binocular parallax for each portion of the
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AV clip group 3102 in accordance with the sub-path 3105. At that time, the
pl ayback device 102 detects that the value of the sub-path type 3006 is "3D
dept h" and synchroni zes pl ayback processing between the nain path 3104 and
the sub-path 3105. 5 Furthernore, the playback device 102 generates a pair

f leff-vi d [ - Vi f h d [ I
depth mb THeA TR, YA V6ie ERSAror Al ISMLEcr i GepERORACS e

peiormeg, b g e LA ALl 0 ouR. S19%,) 5 gasd i Samnation it

préeceof playitem
i nf ti in .t ird playlist .fil ' . . d h
'rlrgp"éE?e%‘z?ﬂ;s@ub%isn‘c%'aécﬁlﬁlﬁa& RESas 68 FE BasH SRt PO B ERY Akabids, (o0 0
. The i i .
R e S e T
stream : t ;
T500 2 | onac T R R D 7 A e A e T T 0 o

the structures. 91 @shblmtiPEayl 51, thhe L2431 809183 dhdya t &in inie 3200.
The first AV cli'p group 3201 i's fornmed by the sections LCL1-3 in the first

AV streapybpl &h 2464 chEha 15892000 AY1 €L6R & @R 3202ulsrfpraed Dyt he |
sections RCL1-3 in the second AV streamfile 245B. The third AV clip group

3202D i stheriedied heagecii®nas2boDibiks3 die uh%quaiyr PoAVt sbhesimthiel e 245C.
Both the main path 3103 in the first playlist file 243A and the main path

3204 in thecdDapl pydtet2file i32@0e nelfudeikhr eeopLetessioif prdiytid eme
information #1-3. The three pieces of playiteminfornmation #1-3

10 right by half of its binocular parallax, S1, and the display
position of the circular plate 2731R in the right-view 2703R
is shifted to the left by half of its binocular parallax, S1.
In this way, the viewer perceives the circular platé 2711 as
being closer than the screen. Conversely, the parallax video
15 generation unit 2700 shifts the display position of the
background 2712 in the 2D video image 2701 as follows: the
digplay position of the background 2732L in the left-view 2703L
is shifted to the left by half of its binocular parallax, S2,
and the display position of the background 2732R in the
20 right-view2703R is shifted to the right by half of its binocular
parallax, S2. In this way, the viewer perceives the background

2712 as being deeper than the screen.

[0158]

A playback system for 3D video images with use of parallax
25 wvideo has already been established for use in movie theaters,
attractions in amusement parks, and the like. Accordingly, this
method is also useful for implementing home theater systems that

can play back 3D video images. In the embodiments of the present
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all specify playback areas in the first AV clip group 3201. Unlike the
second playlist file 243B and the third playlist file 243C, the 3D playli st
file 3200 includes two types of sub-paths. I'n the first sub-path 3205R, the
sub-path type 3206Ris "3D L/R, " 5 and each piece of sub-playitem

i nformat i 2 3._specifi a_pl ck ar in nd Al cli ro
I3202R. O%B?ﬁgtl'(l)tgﬁélro h%r{lf%ﬁ&i n“%?g%?%congsgﬁgl- paé%gﬁgg%%, tvr%éiesolJbl- B%gh 'ltjf/)pe
3206D i s, hel d j of -playitemi io - 3

speci fi eglg%ﬂgg égﬁag[?ea%%%eﬁ{ecq%ﬁ r dm%@?%?i pggr OtrJQp %%%Th{elsiégpi eces
of sub- L Lnfor L - ! - {0 9N S ith the
pi ecgs g#é%%ggiq%g%ﬁn orén%%l ?)% %ﬁ%&eq‘%go?gr%s%h&b? Oﬁﬁgégra ac Egg}ga of

each pi eeRegt mubnphayi LM HREALAR! kAYehHS 18AULKAl 8R! Bet Qgrgheeat hoof the
pl ayback area of the corresponding piece of playiteminfornation. 15[0181]

Wien 3D ¥iHee hEBHESs Al £s Pl SyEth Hadte ) MAC CRRAANGE, Wildad.hen3R phayl i st
file 3200, the playback device 102 can switch the playback node between L/R

node andbdepbkrignge s dhwsSUBkpal gt angeted £f prowbask iEs1swintiahed
bet ween two types of sub-paths, 20 3205R and 3205D. In particular, this

swi t chi ngxplanessonasfbenhpeembbaeflefiese rapidly than by a switching process
bet ween the second playlist file 243B and the third playlist file 243C.
[0182] UdbiLkelFig. 32, the 3D playlist file can include a 25 plurality of
sub-paths w th equival ent sub-path types. For exanple, when 3D video inmages
with differingbibocitencdisparitibsvideot lensane>scene are represented by
a common left-view and differing right-views, a different right-view
strédn filP&66hn be recorded on the BD-ROM disc 101 for each different
right-view. In other words, the STREAM directory in the BD-ROM di sc 101 may
i nclude two orNewE e amiogist the did 1t geawpfin sbefBIMY Hé regerlyed42 shownst r eam
file. In this case, a 5 pluraljty of sub-paths whose sub-path type is "3D
L/R' is pRoVided?i i BRI EPN sis MYy idpdor ihpdehs stgvetdusl |y
specify gl agback, aths for each right-view streamfile. In addition, two or
nore types bRedEptsnbplavedt feaRlpyPesknaf B VAeede@ntentondezEy AV
stream f Ll I n this case, _a_plurality 10 of sub-paths whose sub-path type

is "3Dd Bgﬂam?gt‘fﬁ SATSHOT HTRASDIJFAATEE 17 P eSS Isibtpabrge
g g 29e v L axhoek gt U Lor sech Ceptl ran A Streanty e, wher
file, si 9(—:?7'[. t}BiacdsourtgffJ'.F%'lac_}lr{/,t %El%e£§fl£v9{n£ lwai%.tla%giﬁﬁ?f c?gscribe expanded
or changed portions with respect to the data structure for the
2D video content, incorporating by reference the aforementioned
explanation for the fundamental parts.
20 [0161]
<<Objects Described in the Index Table>>
[0162]
Fig. 28 is a schematic diagram showing the relationship
between a movie object MVO-3D and a BD-J object BDJO-3D, as
25 related to the playback of 3D video images described in the index
table 310, and three types of playlist files 243A-C. The first
playlist file (OOOOl.mpls) 243A 1is a 2D playlist file. The

second playlist file (00002.mpls) 243B and the third playlist
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15 switched rapidly, for exanple in accordance with user operation, the

bi nocul ar paral |l ax can be changed wi thout substantially interrupting the 3D
video images. In this way, the user can easily select the 3D video imges
for the desired binocular parallax. 20[0183] "AV Stream File Used for 3D

gvh?)&"gét”?ﬂﬁf 3}03?3%5— 5@%33?%%%%2 h Syiﬁd% Bf?i?h%‘é SIPE Ay kAT e 2453
. : ’ . ; .

20 ond, Dgy L g, Ao e\ ZATTL S WS AL RCt B S beeamAly € 2408

file 245C {:fgls udf%eor?lcl%iého%\fé itnpl{l —gbdagg%c%%a?l?@@ v&%%ltﬁgq&%ﬁﬁltitle

respecti%% y. Thé prinary e0 stream n the secon streamfile

245B repsgs t ri_ght =i stre DL [ streaf 3331 in
t he thi r%l A'%ms a}lerggreﬁ f%lggdf}gg\grne%f)ege :fgun}?hcge%]g:eup. g}?&% rétl(r;g%r% E%\c%g]r di ngly,
Pl D. @x10 .rg%ﬁ]é) far Lk I ; i ST 3321
and %331‘;%?%32% #Dglra%rfb ‘r?ioaﬁ% % %%%%%%lglg%?ﬁ?%ﬁ%ﬁ%ﬁ %grg)}/’§ &i%%egﬁgr eamin
the firss,4W sireamydide 24pfnddi:d 1R e3LRDS Vil d ehhg¥i SYasbaeAM

[0185] Fig. 34 iS a schematic di agram show ng the pictures %0 2411- 3414,

etc. inchudedsiinghesigftavin b aaB I apd e i etiveps 2348123424, etc.
included in the right-view stream 3420 in the tinme order in which they are

di spl ayegls3Each phéetpw-&r hidcB4bband 343dc3424anetesnatitaneticaae or
field of video data.

4," the application management table specifies, in addition to

10 a Java appliéation program related to 2D video image playback
processing using the first playlist £file 243A, a Java
application program related to 3D video image playback
processing using either of the other playlist files 243B and
243C.

15 [0163]

For example, when title 3 is selected by user operation,
the playback device 102 refers to the item "title 3" in the index
table 310, and calls and executes the movie object MVO-3D. In
this way, the playback device 102 first performs the following

20 four types of distinguishing processes: 1) Does the playback
device 102 itself support playback of 3D video images? 2) Has
the user selected 3D video image playback? 3) Does the display
device 103 support playback of 3D video images? and 4) Is the
3D video image playback mode of the playback device 102 set to

25 L/R mode or depth mode? Here, "L/R (left/right) mode" refers'
to a mode in which 3D video images are played back from a
combination of a left-view stream file and a right-view étream

file, whereas "depth mode" refers to a mode in which 3D video
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15[ 0186] As shown in Fig. 34, each picture 3411-3414 In the

| eft-view stream 3410 is conpressed with inter-picture predictive encoding.
This encoding nmethod is exactly the same as the encodi ng nmethod for each
picture in the video stream 600 20 shown in Fig. 6. Specifically, the top

PI CLUT® 40350 OCRJ 1 LLLS I, £OMRLERSPA 050 L0 POt B L 1

intra-picturé encodi n e subscriptéd nunber
sequent i | ]t ch. piLct [ rLaer .ese tion
e N e e D e e 10 25

picture 343d-8s &nd %ﬁirt‘ri‘%cgil(%i[ygfi‘értefiﬁési ot gaked; Bye e Ald ek AnFi 9. 34.

Then the second and t res are conpressed as Br2 picture 3412 and

Br2 pictyrgo3dddcbesRAGH Velte USiGidhe egkl i im0 phetdrae3ddiinand the
| ater P3 picture 3414 as reference pictures. Here, "Br pictures" are the

pi ct W esqagpndgh NenBngigidd @i daphane diseeaHef BEAACE- 1Y pliHKBS kN
inter-picture predictive encoding of other pictures. [0187] 5Each picture

3421- 3424eirncéheo ixHery €W sheenrem4d( ile aonphessediid:h taBier apioct ure
predi ctive encodi ng. However, this encoding nethod differs fromthe

encodi ngan@t badlgothea®n-pi GuieSADrG4AR, |thé heliebhcki aeviteeam23410, as
in addition to the video's tenporal redundancy, it uses the redundancy 10
bet ween eheclieés eanch rdsghd apipddestibhaprogramhen reef@seiwecgiwcittlr eéhef or each
pi cture 3421-3424, as shown by the arrows in Fig. 34, are selected not only
from t heapphicat jbh-ndrgastemamadld20 buttlal s walr, oohe hel ddfdcl idewister eam
3410. The presentation '
10 102 performs the above-described distinguishing processes and
selects a playlist file in accordance with the results thereof.
[0164]
Fig. 29 is a flowchart showing processes, performed when
a title of 3D video images is selected, to select a playlist
15 file to be played back. In the example shown in Fig. 28, when
, the item "title 3" in the index table 310 is referred to,
selection processes are executed in accordance with the movie
object MVO-3D. When the item "title 4" is referred to, selection
processes are executed in accordance with the Java application
20 programs specified by the BD-J object BDJO-3D.
[0165]
Here, the selection processes are assumed to be performed
when the SPRM shown in Fig. 19 further include the following
two types of flags: (A) a flag for identifying "whether the
25 playback device 102 only supports playback of 2D video images
or also supports 3D video images, " and (B) a £flag for identifying

"whether the 3D video image playback mode of the playback device

102 is set to L/Rmode or depthmode." Specifically, this assumes
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times for each picture 3421-3424 in the right-view stream 3420 15 and for
each reference picture selected fromthe left-view stream 3410 are
substantially equivalent. In other words, the pictures represent the
right-view and the left-view of the same scene in the 3D video inages.

anp LL%%%%&%%&?ML%%S lad, " bﬁ%ﬁﬁ?ﬁé SERP LT rhorhnest

stream as_a r . t, ' '

as F3 p %fwef%az4415£¢ﬁ%r@r%bf%«° HE Y ok iSakR LA PLET S b 8atpPr eosed
eft-view stream ' S, he | '

compr os ERHEEET CHE Rof ol Ehat Siotn ks Wi pRICTallIE, REANELRVERLES | P eam

e er f&&v%é rﬁtcﬁzo ogﬁg.t Sfodtes & A’écﬁiogé Ubey 8424 Atad&d CLeRCEnBhCt ures.
Y, e I r e e 1S compressed as B2 picture using Br2 picture
34134 n 1he Jd @ht wview Stream3440: aLonge Witdd BapBbetyr £p 342k A0Ma5
playback. When the SPRM(25) is "0, " the 3D video image playback
mode of the playback device 102 is L/R mode, and when it ig "1,
the 3D video image playback mode is depth mode.
[01le66]
10 In step S2901, the playback device 102 checks the value
of the SPRM(24) . If the value is 0, the process advances to S2905.
If the value is 1, the process advances to S2902.
[0167]
In step $2902, the playback device 102 causes the display
15 device 103 to display a menu and allows the user to select 2D
video image playback or 3D video image playback. If the user
selects 2D video image playback with an operation of a remote
control or the like, the process advances to step S2905. On the
other hand, if the user selects 3D video image playback, the
20 process advances to step S2903.
[0168]

In S2903, the playback device 102 checks whether the
display device 103 supports 3D video image playback.
Specifically, the playback device 102 exchanges CEC messages

25 with the display device 103 via an HDMI cable 122, and the
playback device 102 and asks the display device 103 whether it
supports 3D video image playback. If the display device 103 does

not support 3D video image playback, the process advances to
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pi cture 3424 as reference pictures. [ 018 8 ] The revi sed standards
for MPEG 4 AVC/ H. 264, called MWC (Miltiview Video Coding), are known as a
vi deo conpression 5 encodi ng nmethod that nakes use of this sort of
correlation between left and right videos. MVC was created in July of 2008
by the JVT (Joint Video Team, % goint roj ect befween ISCYEEC%NP G and

| TU- T VCEESP rP9% A0 #RERr dtf 3PS R T 1R T vell) % G §e8YPREC can be
seen from a ﬁluralit¥ of pers ectivess ¥%%h 10 WC, not only tenporal
similarityei RTOFEed #IVaRe8StbP PhERr=9Pdéo predictive encoding, but al so
sinilariiélgﬁ ween videos fromdiffering perspectives. This type of

predicti odi ng has a higher video conpression ratio than predictive
encodi ng that [ndiyviduyally c resse id n 0 ective.
[0189] Rt ok R0 BTl G EEN B AR 0 B
3410 are_us en | r r.gconpr i i I I B4t he
right-vi%m/% ?3%%?@&%@.'%ﬁ5$%3%%@?§&% iﬁ% ?Eéeﬁef -J?%ﬁ?f%%§?§§§%?§4lo, t he
right-viggéﬁtéggﬁys420 cannot be decoded i ndependently. On the other hand,
however, “sSinc e correl ati on between the left-view and the right-viewis
high, thesphgjures in the right-view stream 3420 generally have a _
significantly higher conpression rate than the pictures in the 25 left-view
stream 3410, apd ddiys sbb@sanHBtp DivisadR desridegniohi sanétyssimd Ifarst] 0190]
Each picture in the depth map streamis conpressed with exactly the same
inter-pipiHieipEeditti YL3RNEQUENE FhaybecknEDeh ey, MbtwdHar irhetyisct ures
in the video stream 600 shown in Fig. 6. Here, this encoding nethod is
equinal ephst0 the Encatidlg dertiked1bormiheaight-he ansplagatevios loaanpl e,
when 5 the right-view streamis encoded with the WC format, the depth map
stream i soaldiepaagodat wédsdhetMC3Dornaieo | imade sptagbachs waist mdathe
right-view stream the depth map stream cannot be decoded i ndependently. On
t he ot hesehandedhowever, when the playback device 102 swi tches the 3D video
i mge playback node 10 from L/R node to depth node, the playback device 102
can snootfbiyidwitch fromthe right-view streamto the depth map stream

[0191]
In step S2906, the playback device 102 selects the second

15 playlist file 243B as the playback target.
[0172]

In step S2907, the playback device 102 selects the third
playlist file 243C as the playback target.
[0173]

20 <<3D Playlist File>>
[0174]

Fig. 30 is a schematic diagram showing an example of the
structures of the first playlist file 243A and the second
playlist file 243B. The first AV clip group 3001 is formed by

25 gections LCL1-3 in the first AV stream file 245A. The second
AV clip group 3002 is formed by sections RCL1-3 in the second
AV stream file 245B. Both the main path 3003 in the first playlist

file 243A and the main path 3004 in the second playlist file
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Her einafter, a video streamthat can be decodéd ihdependentll y, like the

| eft-view stream 3410, and that can be 15 used for playback of nobnoscopic
video images is referred to as a "base-view stream"” Furthernore, an AV
streamfile.that includes a base-view streamis referred to as a "base-vi ew
streamfile."”, the ot her hand, a video streamgthat_ requiges.a e-view
stream f%@%ejc%o'i}]r‘ﬁge, ??’R%et?lke??ﬁh?gvP§W§ ?@aﬁ?gﬁ%aﬁbg%n%ff%é {c)ilgpt h nap
stream and that is used in, comiination.wth.tbat se- Vi for

pl aybackFufeR RHE6SC ié:jled%%ni &@aincslorrb?%r_ ? eadlf%’pgsc\iafw%g%gﬁggiﬁt-vi ew
stream"_Furthernore,.. a | . streamfi h i;ncl . e AL.: Vi ew
stream i 3" 7%Y énrglge ffc} rf’sq: gb"c e eﬁggﬁp- !\J’/(?%%N gnrlé%% ??%31.%8%5?3%85#5

Figs. 35A S i j . showi at j i et ween
PTae and OIS 47T bosiaat oma R By o o R e R b Tae R B e
the dependent-yje regn350% - S I3 HhGS B35t he sane
PTS g’nd %?%n%arlgla Pgtéét Z%ﬂejto a .e%é%fggp?:t &%gﬁgd%%%pl ay? ng the sane
frame org lg%?%%ftéxh%frﬁ%ﬁﬁ%ﬂ mBges bAgt BgcMigie-siureats-go8)iaag 3502.

For exanp top frame or field in the 3D video inmages 1s repr esent ed

Wi th a conbhAaht 08n ¥ 12t cpbel vl 8535 1alBatbhehas enirensstbaamBe@ipand P1
pi cture 3521 in the dependent-view stream 3502. Therefore, the PTS and DTS

are equi %'@J;@pt:sdmt.m& bhecesisr tuipdtairieed3hioand 362111 Herae tihe
subscri pted nunber indicates the serial nunber allocated to each picture in

order 1008&-tbeofdS. cSkvebpbhiienthe WIShandhBTSpaeeeequbtal eityheeween t he
second pictures in the video streans 3501 and 3502, i.e. Py picture 3512
and 12 pigstoreaB853R.#1H®e. Phe nangti Sfatheeplayhbehiarzet n€erndiheieker d
pictures in the video streans 3501 and 3502, i.e. Br3 picture 3513 and 33
pi ct ure 3523ub-feyydrem imfalryatdgqui val eguibel erer-Btheplengtle @S theand Bg
pi cture 3524. [01931 As in the data structure of the video stream
700 shownlapb&cl. Freaneoidi debeacceszespondind opiedef opfeadlapiideire in
the GOPs constituting the actual base-view stream and the 20 dependent-vi ew
stream FEnfohmanber, ThHeesubgpetbed Wadertihen heclepe s pdeeP aRRERS YIS t in
each pair of GOPs in the base-view stream and the dependent-vi ew stream

i ncl udes39pe-sdhe r bsebupabh, thinafe FRGécahrg JEWRELEY athe. DLRYPRN cul ar,
the frame rate is equivalent to the value for when the base-view streamis
decdded REOFABEPEREEALI PYDFYACAHOBLRSLRSEWEERH dde Meigqpath and K&y of

vi deo access unjits _between the base-vi ew stream 3501 nq:the 3%e006endent-vi ew
stream 35B2-PREP- cORt B fs pPctbPBsvabue of the sub-path type 1s

"3D L/R." This value indicates that the sub-path 3005 is to be

used for playback of 3D video images in L/R mode, and in

particular that the sub-path 3005 specifies the playback path
20 for the right-view stream file.

[0175]

When the first playlist file 243A is selected as the
playback target by the selection process shown in Fig. 29, the
playback device 102 plays back 2D video images from the first

25 AV clip group 3001 in accordance with the corresponding main
path 3003. On the other hand, when the second playlist file 243B
is selected as the playback target, the playback device 102

executes 3D video image playback in L/R mode. In particular,
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"with equivalent PTSs and DISs is referred to as a "3D video i nage access
unit." By allocating PTSs and DTSs as shown in Figs. 35A and 35B, the
decoder of a 3D pl ayback device can easily process the base-view stream
3501 and the dependent-view stream 3502 5 in parallel in units of 3D video

[ units. In thi , th [ ] Ct t hat_.i d
For di Sty BRI SR e A TP ehPEPR oPn2al SBFUTHES Thager 1S HEuth ed of

bei d i | by the decoder. .[0195] 10Fi ' h 8
dragram’sho Ao TREBOHE, BonRe GRFARroR T ideg Adetel 20ROl T n the
t-vi t t-h i-ght - yi t d h.. As sh
i Fi g, SR on R TCg oL A AT SUTUATH P eone ¥ LePBE RO hocose

it 3600 f i ncl ud ' i 5,1 ' 1
par 1 cul AR AT ek DRI, BER AP T PP 19

suppLenmept aérgac'g%fig?eg}%% '@-nl%ggg%ﬁ Bg\ége HBSSAUE88sPEha MPEE 4/ dMG The

decodi ng sw is information to allow the 3D pl ayback

device tge EZ@ £Mb§Q§E£ft&;%eg§0¥5i6df9 nAGLESR UWHd siBahrbaibBe ﬂ%&cl@f 20

decodi ng. re, as descri bel ow, the decoder“in the 3D pl ayback device

al t er natgl yo decodes,dhife Hasary WS b=edand hhe dapesdsnbavhevossteam by
vi deo access unitsS. At that tinme, in accordance with the tine of the DTS

assi gnedrd @neaGihy #29yBEERTT BBkt debhEndipsodarr spachtiiespéhtonexd. vi deo
access unit 25 to be decoded. However, many types of decoders ignore the

DTS, decagidg tHde9r3eFesS1UR §Bose R Hal hyed W Boiiba oD viddecoder,
it is preferable for each video access unit to include decoding switch

i nf apmat iy S681layivadldhhd ofn t BD t edED Sima§®196dyback in ASRshoda.in Fig.
36, the decoding switch information 3601 includes a subsequent access unit
type 360Rp1asBubsequent access unit size 3603 and a decode counter 3604.
5[ 0197] The subsequent access unit type 3602 indicates to which of
t he base-vi ew Btireaohapdetcke afepebalehteni éewfotrmesifmnhd s ubzegaenendi deo
access unit to be decoded bel ongs. For exanple, when the value shown by the
subsequeptaptitesSile R4BRpea 38020 eing ry1 19T 1the@Dd Hefaqiydsv ¢FHea8Maccess
unit belongs to the base-view stream and when the value shown by the
subsequeand s cezseamiantpp £ GooRe Fight-view stpsagubavevbges aceeds unit
bel ongs to the dependent-view stream Wen the value shown by the
subdéqueh® e eszean seigpeiapralle 1505 $hewh ik EddentS 1507 §86Sa8cess
unit is at the end of the streamtargeted for decodi ng and no subsequent
vi deo actBE51eA| %5@%rfHécBH?naDgi?gFéVlew stream and the right-view

stream have the same contents such as the frame rate, resolution,

and video format. Note that each stream entry 1509 may further

have a flag for identifying the 2D/left-view stream and the
20 right-view stream added therein.

[0177]

Fig. 31 is a schematic diagram showing an example of the
structures of the first playlist file 243A and the third
playlist file 243C. The first AV clip group 3101 is formed by

25 the sections LCL1-3 in the first AV stream file 245A. The third
AV clip group 3102 is formed by the sections DCL1-3 in the third
AV stream file 245C. Both the main path 3103 in the first playlist

file 243A and the main path 3104 in the third playlist file 243C
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[0198] A subsequent access unit size 3603 indicates the size of 20 each
subsequent video access unit that is to be decoded. By referring to each
subsequent access unit size 3603, the decoder in the 3D playback device can
specify the size of a video access unit w thout analyzing its structure.
Accor di ngl t he decoder can easily .extract. videq acgess upits, fromthe

buf f er. g@%é%@@]three plecgR Yeldde IESThiET OF36. 1&%&@'§'d@%‘8d1¢%ﬁe’8rder of
the video,access_unit .to which it bel gngs. e order is _counte m vi deo
hcess GECERAT PACHAGen TETTBRELoh di Phe TRSet bY SR Fegs. 97
and 373 are .schematic .di-agrans. s i ng val uesc 3604 36043, af the
decode cHUNTET glglsﬁ:ozg\étcelcf‘ grgggﬂ? f [}rﬁ%“lke # ﬁg ke élga\%q slts‘;ec th

cturé’in ase- ream 3701 and

two way s 5P i) Taearing BIba 1ot £ 15 But bnbl Mo AALR i pabROLE &€
counter yal, ?Sﬁé%ﬁ%ﬁ%ﬁé%% aL81{,RELerRpLE iaééeeg%ehﬁ-gggwgamt he

base-Vvi ew sfream the "dependent-view stream 3702. F exanpl e, for

the | 10&9%8&%&%2%@&#9 tes Dase; Wit S e amn3 by i etk te oehationl S

allocated to t ecode counter value 3604A. Next, "a value of "2" is

al l ocateg418 %F@cﬁﬁ@sd% ggapgsekvﬂé@ 136048 tiorrd he sexp picigineokq be
pi cture

decoded, the 3721 in the dependent-view stream 3702. Furt hernore,

a val ue ehe"gickss Ald aedtedaha tht iABodhaedenchuns eiryaliiend6@4Acher the
followi ng picture to be decoded, the P picture 3712 in the base-view stream

3701. Bycakkespbhagn¥al Weshi fhé b Sevdy o w@ayiitenn ting cdeeaden i1 -Bhe 3D
pl ayback device fails to read one of the video access units due to sone

errarg theedeengden shntlamudiaiaelky agpacofyedtie plieast ngf 2bpipdiayricemsi ng t he
decode counter val ues 3604A and 36043. Therefore, the decoder can perform
error praagssinagiappliepeiaiesyeandtorongtlengfD20 |then Hiayba3 kA axfesy
exanpl e, an error occurs during the 25 reading of the third video access
unit in tiecimservespostiipgmiece of playitem information. Furthermore,
the value of the sub-path type 3106 in the sub-path 3105 is "3D
depth." This value indicates that the sub-path 3105 is to be
15 used for playback of 3D video images in depth mode, and in
particular that the sub-path 3105 specifies the playback path
for the depth map AV stream file.
[0178] |
When the first playlist file 243A is selected as the
20 playback target by the selection process shown in Fig. 29, the
playback device 102 plays back 2D video images from the first
AV clip group 3101 in accordance with the corresponding main
path 3103. On the other hand, when the third playlist £ile 243C
is selected as the playback target, the playback device 102
25 executes 3D video image playback in depth mode. In particular,
the playback device 102 generates 2D video images from the first

AV clip group 3101 in accordance with the main path 3104 of the

third playlist file 243C and generates a depth map from the third
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3701, and the Br picture 3713 is mssing. During decodi ng processing of the
P picture 3722 contained in the second video access unit in the
dependent - vi ew stream 3702, however, the decoder has read the decode
counter value 3604B for this video access unit and retained the val ue.

Accor di the d di h d f h
ngg'? Jup e§§oﬁﬁ% T e St Vi aBeERt ol eH A Chedsuttabunt r 5
36043 i i B i ncl P_pi 722 i
o M rnoransr cchP Rl teReR et Aetr Lbal HetsebRatREr HHE KaBhelPherdl ess
it t di.ct "5 " Th i it th
'S act vab s Pabn BledeaBpB s Fip tudiitnP end SyHCKMLAE BRSFRECKI L \IaL,

stream 3§%égel¥‘?9§§i t}@tﬂ%&ﬁd&l&%ﬁ” 2l ug QY Ihie bub- Q‘Ehd%@ger t hus

detects ed to read a Vvideo access unit. Accordingly the decoder

can @XechbecLEAL, DT OLRSSEAG HACES i 0RCOHNG, AEOAsSl ng gLk heeBapi cture

3723 extracte romt 0 access uni e dependent - vi ew

stream 3702 ¢k BGadd& Bh gHCtMI 3443 dBelQeREriited A5 v deff efgBes i s
mssing.” In this way, thé decoder checks the decode counter val ues 3604A

and 36043ndWdgith Raph deeddisngap! g_ﬂ%%ﬁca@@@%eﬂb'%tde)b ihBgedeGpdeptaan
pronptly detect errors during reading of video access units and can

pronpt | ymeRECLlE epesaitd Atire e 1 Q&leptﬁQQaSkvgclfﬁ Fré@sWia2 tikeudeaoder 20
can prevent noise fromcontam nating the playback video. [0202] In Fig.

373, decoflecempnhetiyval wesh3604Crandt3R04D1ape grdapesrotied successively in
the video streans 3701 and 3702. Therefore, the decode counter val ues 3604C
and 13604Doare] 25 equi val ent for a pair of pictures in the sanme 3D video
i mage access unit. In this case, when the decoder decodes a video access
unit in the base-erelw gieeen 8¥0Qlatitcan pnédrohttibat int heheetcbdedcount er
val ue 3604C i s equivalent to the decode
playlist file 243C, a stream entry for the depth map stream has
been added to the stream selection table 1505 shown in Fig. 15.
The primary video stream and the depth map stream share the
15 contents of the streamentry 1509. A flag to distinguish between
the primary video stream and the depth map stream may further
be added to the stream entry 15089.
[0180]
Fig. 32 is a schematic diagram showing another example
20 of the structures of a first playlist £ile 243A and a 3D playlist
£file 3200. The first AV clip group 3201 is formed by the sections
LCL1-3 in the first AV stream £file 245A. The second AV clip group
3202 is formed by the sections RCL1-3 in the second AV stream
file 245B. The third AV clip group 3202D is formed by the sections
25 DCL1-3 in the third AV stream file 245C. Both the main path 3103
in the first playlist file 243A and the main path 3204 in the
3D playlist file 3200 include three pieces of playitem

information #1-3. The three pieces of playitem information #1-3

92



counter value 3604D for the next video access unit to be decoded in the
dependent -vi ew stream 3702." Conversely, when the decoder decodes a video
access unit in the dependent-view stream 3702, it can predict that "the
decode counter value 3604C for 5 the next video access unit to be decoded

ol s oncatL BT I KGPpo AL iy B0 n 1 RAEI BT PR St0HeE SEAR BPRRBLLy
val ues Sk dreREiate ST S B A b e s

Phe. ol aybass’ vioo LGP0 e T ot hat o 28 BEE S | AUSPURRs | mages”
St Tt ur e O o BagE o ehal T BT i b het PR FRTE IR0 anl af o Bepeadent - vi ew

clipd nfongatien ﬁié@e3§@25ube§@§9ﬁﬁéﬁlanH%&%tién"QQSQ'E.%Wi@ﬁ%%_a _
information file""is aclip inforimation file that should be associated with

a base-vpeuysheramn-dd | By @ deltofd hlecPh 8S§RbuS MO NE/In GO e%perds to a
2D/l eft-view clip information file. A "dependent-view clip information

file" ishang| i itheo é@&bhansﬁbépathaiz Hwulttheheudspachat gle WATEM@ is
dependent-view streamfile, and in the present enbodi nent
"3D depth," and each piece of sub-playitem information #1-3
specifies a playback area in the third AV clip group 3202D. The
10 pieces of sub-playitem information #1-3 are in one-to-one
correspondence with the pieces of playitem information #1-3.
The length of the playback area of each piece of sub—playitem
information is equivalent to the length of the playback area
of the corresponding piece of playitem information.
15 [0181]

When 3D video images are played back in accordance with
the 3D playlist file 3200, the playback device 102 can switch
the playback mode between L/R mode and depth mode as the sub-path
targeted for playback is switched between two types of sub-paths,

20 3205R and 3205D. In particular, this switching process can be
performed more rapidly than by a switching process between the
second playlist file 243B and the third playlist file 243C.
[o182]

Unlike Fig. 32, the 3D playlist file can include a

25 plurality of sub-paths with equivalent sub-path types. For
example, when 3D video images with differing binocular
disparities for the same scene are represented by a common

left-view and differing right-views, a different right-view
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corresponds to a right-viewclip information file and a depth 25 map clip
information file. Like the 2D clip information file shown in Fig. 11, the
clip information files 3801 and 3802 include clip information 3811 and
3821, streamattribute information 3812 and 3822, andanentrymap 3813 and

0825 ThEBeeedot 2 LUE L o AL gguL el g0l shonblleadale S UELULgeln L1 20

?!:p gggﬁ 0 ase-view cl'rp rnformation
ile .further contains 3D-net t 4, {rbd | 4. it

bl aced ot tHErSRF SRTAT T e 16 ERES, Rerifn oS r e hest Y bl o ©
clip inf Lop-fids : d.j ' j _ 3823.
[0205] " BRENED SRR AT 9GerRToLh S AGRER S o BB g e IS el

di agramsjz_-ﬁmgy o Q%edaéﬁnétiéjfﬂ—u&f #f stbeapdDs18Ea dff a-3Bd4cadbe 3D meta
dg}a 3814 is information used for t%e croppi ng processes on the PG stream
| G stge ; cQrgar, | e t a §p@ubt' texefl/RAt gt he
basefiiga}g?gégﬁgfﬁﬁe. "Cf%%%#ﬂgﬁﬁﬁ%%egggsﬁaﬁgfgr tojf%ptﬁ% gggceSSes t hat

add dept BrboihhRe ADrHede c}f:ilr%@.ei%tp!f%i%d PREKe I pnmants Sheeamduauniyng t hese
processes, a left-view and right-view pair is generated by shifting each 2D

vi deo i nBgech Ayaphakbaent datlis’ 6dr ahcH hei giiouniewf sshebini figleor mesponds
to the binocular parallax that generates the depth that should 20 be given
to that 2Baytdeq,i fwecor | mopartysed asf ddisciBhapetzrar datreeadB 4 liercmages a
val ue that represents the nunber of pixels of the anmount of shifting, i.e.
t he "of f petirvel wied fo@2674 2D/AV stream file. In this case, a plurality
10 of sub-paths whose sub-path type is "3D depth" is provided in
the 3D playlist file. These sub-paths individually specify
playback paths for each depth map AV stream file. When 3D video
imagés are played back in accordénce with this kind of 3D
playlist file, since the sub-path targeted for playback can be
15 switched rapidly, for example in accordance with user operation, |
the binocular parallax can be changed without substantially
interrupting the 3D video images. In this way, the user can
easily select the 3D video images for the desired binocular
parallax.
20 [0183]
<<AV Stream File Used for 3D Video Image Playbacks>>
[0184]
Figs. 33A and 33B are schematic diagrams showing the
elementary stream multiplexed in the second AV stream file 245B
25 and the third AV stream file 245C. Unlike the first AV stream
file 245A shown in Fig. 4, the second AV stream file 245B and

the third AV stream file 245C include only the primary video

streams 3321 and 3331, respectively. The primary video stream
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As shown in Fig. 39A, the 3D neta data 3814 includes a 25 table 3901 for
each PIDin the PG stream the |G stream and the secondary video stream
Each tabl e 3901 generally includes a plurality of pairs of PTS 3902 and

of fset val ues 3903. Each PTS 3902 shows a display tinme of a frame or a
field in the PG .stream. the |G streamor_ the secondary videp stream The
of fset vAPAL HDBEEASrEBkeAY SttathE { S8 ARH HEPTOFOTRE TISFBSGF FEERa t o

whi ch the_PTS 3902.is _allocated. .The offse | ues .3902. may. .be _negative

Val ues. RERAFP. 796 the HHIBIC IG00 SrtEtne i Lot he oAt e 2005 AR ef or r ed
to as an_toff ntry." The val.id section of each offset entrt anges from
the PTS 5F LEne b1 SEPLERPRY o The PFETST PRE SellientoSPFaatotatry. In

t he exa ' i g. A, TS of n IS 0., PTS of
of fset entPy R0re e Fre pribBRtefr det ot PraRREY Suabel "o i
thi s «cas Ln<H 3 t 0 ++541 t entry
#1 iépya Faé?ﬁégﬁﬂgTéﬂgé%gél33§§f§£?9%gggdgﬁﬁgQ§§b%6%7ogggigﬁk%;}ggt val ue
of +3 inpthe.olf5eheSnievedi? 15 MAl i idy Ay %EQJa%P%ﬁ@%%AﬁWH&L%EOOOO to
360000. 10208]“15c<Stream Attribute Information for the Dependent- Vi ew

Streant [-Q208LcASsWeReeXpEalpedyWstbehfgards to Fig. 34, the dependent-view
streamis conpressed using the base-view stream 20 Accordingly, the video

stream afprigbyt es of the dependent-vi ew

Fig. 34 is a schematic diagram showing the pictures
10 3411-3414, etc. included in the left-view stream 3410 and the
pictures 3421-3424, etc. included in the right-view stream 3420
in the time order in which they are displayed. Each picture
3411-3414 and 3421-3424 represents one frame or field of video
data.
15 [0186]

As shown in Fig. 34, each picture 3411-3414 in the
left-view stream 3410 1is compressed with inter-picture
predictive encoding. This encoding method is exactly the same
as the encoding method for each picture in the video stream 600

20 shown in Fig. 6. Specifically, the top picture in a GOP is first
compressed into an I, picture 3411 by intra-picture encoding.
Here, the subscripted number indicates the sequential number
allotted to each picture in the order of presentation time. Next,
the fourth picture is compressed as P; picture 3414 using I,

25 picture 3411 as a reference picture, as indicated by the arrows
in Fig. 34. Then the second and third pictures are compressed
as Br; picture 3412 and Br; picture 3413 respectively, using

the earlier I, picture 3411 and the later P; picture 3414 as
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stream becone equivalent to the base-view stream Here, the video stream
attribute information for the base-view streamis associated with

Pl D=Ox1011 in the streamattribute information 3812 in the base-viewclip
information file 3801. The video 25 streamattribute information for the
dependent -yi ew streamis associated with PIEE;XlOﬁ%?in,the stream attribute
i nf or mat F5hS38B%C iRt THE HFeplRdent - BT &4 HYYF S nROPERT &t FHHEES38HINI

Accor di , the.i hown in Fig. 12, i.e. t dec 1211, | uti
1212, “nchEbt ¥ afiGeioEs BROCI (e PACE 1384 THECTHA! RIS PRSe w0 |

' f_video. | L nf or.mat i on. he. cod h
Chon a roPEPErRsSrara PERahrht e, SRERODTEL F 8 PR E( FCDAEESS] bw ot r oam nd

t he depe?gfgg view stream 5 is established during coding, and thus each
picture can be decoded. If the resolution, aspect ratio, and frane rate al

mat ch,  then O TL AL %Qtz";lt-'iﬁ%zxoﬁnt phe! :g:[ilh@—r\(;iiévi\r %?“,c‘ge‘é{'ng%%%.oci‘g be

synchroni zed. ore, these videoS can b own as Vi deo 1 nmages

wi thout pgl,pdsLbg Mi%%%%‘f'—gf’z‘éEﬁ%Xb&éBk@tiQrQ[ 010k nENt ¥, Hba.] of

Dependent -vi ew Stream’ | IS a schematic _gran1$homing t he
dat a strygl¥rénhAaiem@thios ARPrd843r Lo teAeBandgthe MA&Y fdd Rach

i nformation
picture 3411-3414 in the left-view stream 3410, as in addition
to the video's temporal redundancy, it uses the redundancy
10 between the left and right videos. That is, the reference
pictures for each picture 3421-3424, as shown by the arrows in
Fig. 34, are selected not only from the same right-view stream
3420 but also from the left-view stream 3410. The presentation
times for each picture 3421-3424 in the right-view stream 3420
15 and for each reference picture selected from the left-view
stream 3410 are substantially equivalent. In other words, the
pictures represent the right-view and the left-view of the same
scene in the 3D video images. Specifically, the top picture in
the right-view stream 3420 is first compressed as P, picture
20 3421 using I, picture 3411 in the left-view stream 3410 as a
reference picture. Next, the fourth picture is compressed as
P; picture 3424 using P, picture 3421 and P; picture 3414 in the
left-view stream 3410 as reference pictures. Then the second
picture is compressed as B; picture using Br; picture 3412 in
25 the left-view stream 3410 along with P, picture 3421 and P;
picture 3424 as reference pictures. Similarly, the third
picture is compressed as B, picture using Br, picture 3413 in

the left-view stream 3410 along with P, picture 3421 and P;
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15 file 3802 shown in Fig. 383. As shown in Fig. 40A, the entry map 3823
includes a table 400l1al | ocatedto the dependent-view stream The table 4001
i ncludes an entry map header 4011 and a plurality of entry points 4012. The
entry map header 4011 indicates the PID for the dependent-view stream

al l ocated. i.n 20 table 4001, i.e. .ei r-1012 or Ox1013.

I peacherﬁ%?‘bﬁ%tg%ﬁfs ar%%?rre% € ap]ﬁ%%%§3 and an SPN 4014 is associ ated
with an ngé 4016. The PTS 4013 is equivalent to the PTS for the top
picture 1 one of the GOPs included in the dependent-view stream The SPN

4014 1S equi Vahant o 4 danadtOk S fipspuLCRYETHPAEKE! caroua irgeorded by
the top picture. I'n particular, anpong the PTSs in the entry map 3813 in the

base-vie &i&ﬁié@%ﬂ&ééo?oakhﬁé 38QLe GhRWRTS A3 { Q8o t BemBPLEyigRi Nt 4012

Is equivalent to the PTS tor t entry point in the table allocated to the

basexVi ey Sbd néPnO§ heha WOk e sWRRRE\EH @i £LNESHE POE NEotBeS8EiIbA the top
of a source packet that includes one of a set of pictures included in the

sane 3D i gfeh RAS: 36EESSgHBI +ideds EMVY Wil Behsedl 59 BRely bE tbestop of
t he source packet group
by the JVT (Joint Video Team), a joint project between ISO/IEC
" MPEG and ITU-T VCEG, and is a standard for collectively encoding
video that can be seen from a plurality of perspectives. With
10 MVC, not only temporal similarity in video is used for
inter-video predictive encoding, but also similarity between
videos from differing perspectives. This type of predictive
encoding has a higher video compression ratio than predictive
encoding that individually compresses video seen from each
15 ©perspective.
[0189]
As described previously, pictures in the left-view stream
3410 are used as reference pictures for compression of pictures
in the right-view stream 3420. Therefore, unlike the left-view
20 stream 3410, the right-view stream 3420 cannot be decoded
independently. On the other hand, however, since the
correlation between the left-view and the right-view is high,
the pictures in the right-view stream 3420 generally have a
significantly higher compression rate than the pictures in the
25 left-view stream 3410, and thus the amount of data is
significantly smaller.
[0190]

Each picture in the depth map stream is compressed with
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5 that includes the other picture. [0212] Fig. 41 is a schematic

di agram showi ng an exanple of entry points set in the base-view stream 4110
and the dependent-view stream 4120. In the two video streans 4110 and 4120,
GOPs that 10 are the sane nunber fromthe top represent video for the sane

| ayback i . h i IO . i he. - Vi .

L AR 8088 T A0 e e RIS R e

oo R A R S S S O 1100
t t I : i : di-t h ifth GOP

are s 1o #he, b aLbhe firslBR l SN 10 GER IR candbhend i

interr upén@é)@i’ll?&%ﬂfl%é[}_é@ deq. I/RARS I RMsthRaeX 2R exafdle#3wnkh can

i mredi ately acquire the top SPN of” the source 20 packet group to be pl ayed

back sf r opmd he JasRPadi-agmend h RRIJA §1 4A03% aRe AdLRE: , lvhd Aeprway, even
during playback of 3D video inmages, it is possible to inprove response

speed f ofiaProcessh Nt o eRdvdeaswi aRdoR: avre ot hervic@ee shkeam such
as interrupt playback or the like. 25[0213] As further shown by Fig.

40A, eachentitpainy r4ght -fildWherreant atRs A@SpEX ey Srdm Haagot0BE. The
extent start flag 4015 indicates whether, from anong the source packet
group stéseddedlyihfepdrpendent - shevhst bengy hhadsonveevpackeheapenefi ed by
the SPN 4014 for the same entry point 4012 is at the top of any of the
ext ent s phaybaecBR&KROMa il Boltdheg theB3Dsvides hiemsade @ ldiyvdgicdnmedew ng t he
rel ati onship between the SPN shown by an 5 entry point and an extent on the
BD- ROM df sem IF® megame éeptheodsl, uehe b lelybaskt device A0R ¢amgmdoLrBlyn t he
entry point EP_ID=0is "1." In this case, the value of the SPN 4014 in the
sane ent$\yitch from the right-view stream to the depth map stream.
[0191]
Hereinafter, a video stream that can be decoded
independently, like the left-view stream 3410, and that can be
15 used for playback of monoscopic video images is referred to as
a "base-view stream." Furthermore, an AV stream file that
includes a base-view stream is referred to as a "base-view
stream file." On the other hand, a video stream that requires
a base-view stream for decoding, like the right-view stream 3420
20 and the depth map stream, and that is used in combination with
that base-view stream for playback of stereoscopic video images
is referred to as a "dependent-view stream." Furthermore, an
AV stream file that includes a dependent-view stream is referred
to as a "dependent-view stream file."
25  [0192]
Figs. 35A and 35B are schematic diagrams showing the

relationship between PTSs and DTSs allocated to each picture

in the base-view stream 3501 and the dependent-view stream 3502.
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poi nt, 113," I ndicates the SPN for the source packet at the top of the
first extent 4022 in the track 202 on the disc 101. The 10 val ue of the
extent start flag 4015 in the entry point EP_ ID=1is " 0. "In this case,
the value of the SPN 4014 , 111500," indicates the SPN for a source packet
recorded_ in.a section ot th he_.t op _of fi ext ent 4022, .The

Vel e o Ae it h Py S8R 3 A6bn TS BrdeoREs A Phe He g %REea T | |
this cas t he,15_val ue _of the N 4014, " 0., indic t he for a
Sour co pERbFeL Ot Bt e T ARataav IRE e S B AR I e PN Oon

0% L (RILAY OVDLE WGAE-E™A TR SnEP oL DEBi iR s, Lo g of e

SPN f or e source packe In't I'Tst ex

pl aybackegeyhse | $nabld Ganek sherslin 20 Ahd ey 1o exhegt 4932 and

t he extent time fro e size o I's range. Furthernore,

pl ayback deybcencal Widical e bank he+BBnRAM dii veiEharcangs it oj berhead
w t hout seeking, fromthe file system the range of the | ogical addresses
of the fHh8k-view stream 3501 and P, picture 3521 in the dependent-view
stream 3502. Therefore, the PTS and DTS are equivalent between
the pair of pictures 3511 and 3521. Here, the subscripted number
indicates the serial number allocated to each picture in order
10 of the DTS. Similarly, the PTS and DTS are equivalent between
the second pictures in the video streams 3501 and 3502, i.e.
P, picture 3512 and P, picture 3522. The PTS and DTS are
equivalent between the third pictures in the video streams 3501
and 3502, i.e. Br; picture 3513 and B; picture 3523. They are
15 also equivalent between Br, picture 3514 and B, picture 3524.
[0193]

As in the data structure of the video stream 700 shown
in Fig. 7, one video access unit is formed for each picture in
the GOPs constituting the actual base-view stream and the

20 dependent-view stream. Furthermore, the sequence header in the
top video access unit in each pair of GOPs in the base-view stream
and the dependent-view stream includes the same resolution,
frame rate, and aspect ratio. In particular, the frame rate is
equivalent to the value for when the base-view stream is decoded

25 independently by a 2D playback device.

[0194]
A pair of video access units between the base-view stream

3501 and the dependent-view stream 3502 that contains pictures
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extent. Consequently, the 3D pl ayback device can pronptly 25 execute the
read process. Also, the entry point 4012 is always set, from anong the
source packet group stored by the dependent-view stream to the top of each
extent on the BD-ROM di sc 101. Accordingly, the 3D playback device can
pronptly , execute a readsgrocess for, an

sim [ ar BxtRAAUEVELEOH B $§n§| K5°% el E%E%’E?%gﬁ:ﬁgé%%m%j ﬁf%!%%fl’ﬂﬂﬂa$eﬁe enf\ry
D1 By backE oA S ot B KO THO T FI0B SBINT S ConEnQr, Ut hoBase-vi ew
E%ﬁgg%ﬁg 3%%%%% e EE RS AT TR R AR, ROV s 672 ot peess 1oV °¢
The ext ehie i i TRl LA, 18 dedRalEs ity CYE By B2 TYPCr,

on the Bf%ﬁ%ﬁﬁgl WAL O LMD SHAING LR BR3Ral GWiBL! eal Rl san

extent s ependent - Vi ew stream ingly, by referring to the

Franh e e pUOE by SRl et el 05 e erer ke Bt o o
the BD- ROMLeafand 0316 sBr ugt 4r p0fi 30-Phia%BacksDa¥k682a of being
processed in parallel by the decoder.
[0195]

10 Fig. 36 is a schematic diagram showing the data
configuration of a video access unit 3600 in the left-view
stream, the right-view stream, and the depth map stream. As
shown in Fig. 36, in addition to the data structure in Fig. 7,
the video access unit 3600 further includes decoding switch

15 information 3601. In particular, the decoding switch
information 3601 is stored in the supplementary data 711D, i.e.
in the SEI message as per MPEG-4 AVC. The decoding switch
information 3601 is information to allow the 3D playback device
to easily specify the video access unit that is the target of

20 decoding. Here, as described below, the decoder in the 3D
playback device alternately decodes the base-view stream and
the dependent-view stream by video access units. At that time,
in accordance with the time of the DTS assigned to each video
access unit, the decoder specifies the next video access unit

25 to be decoded. However, many types of decoders ignore the DTS,
decoding video access units sequentially. With this sort of
decoder, it is preferable for each video access unit to include

decoding switch information 3601 in addition to the DTS.
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20[0217] The fol I owing describes the structure necessary for the playback
device 102 to play back 3D video image content fromthe above-described
BD- ROM di sc 101, i.e. the structure necessary fora 3D playback device. The
fundamental part of this 25 structure is identical to the 2D playback

devi ce quwgé]n Figs. 18 to 20. Therefore, the following is a description
of sections of the structure of the 2D pl ayback device that are enlarged or

dified, i i by.ref h fore-menti oned description of
the 2D pi aybackeaelr el AroFiFhed o hE8 At ot B A C e GAr GFRGELAB TH Y back

[ [ [ i . i the 2D pl ist files that
Spect 1y RS HIaback pachor theShigtaa Arages, 1 SuoseRuCantee
processi pghi@f 3 A8 2R ARy Hooddle d%ﬁgpécfg%/% device has the sane

structure as the 2D playback device. s ‘thereof are incorporated
in the fqlphewiing by reference. The follow ng describes the playback
processing of 3D video inmages in accordance with the 3D playlist files that

define the pl aybackupabhusht hecall vixfe0 chibd TRESS nki €ar Sl £b il
pl ayback processing. [0218] Fig. 42 is a functiona ocC iagram of the 3D

pl ayback ogevitee ¥200-vibe 3Prehayhack deyi gepdrQont neludesa B RGM drive

subsequent video access unit to be decoded belongs. For example,
when the value shown by the subsequent access unit type 3602
10 is "1," the subsequent video access unit belongs to the
base-view stream, and when the value shown by the subsequent
access unit type 3602 is "2," the subsequent video access unit
belongs to the dependent-view stream. When the value shown by
the subsequent access unit type 3602 is "0," the subsequent
15 video access unit is at the end of the stream targeted for
decoding, and no subsequent video access unit for decoding
exists.
[0198]
A subsequent access unit size 3603 indicates the size of
20 each subsequent video access unit that is to be decoded. By
referring to each subsequent access unit size 3603, the decoder
in the 3D playback device can specify the size of a video access
unit without analyzing its structure. Accordingly, the decoder
can easily extract video access units from the buffer.
25 [0199]
The decode counter 3204 shows a decoding order of the video
access unit to which it belongs. The order is counted from video

access unit that includes an I picture in the base-view stream.
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4201, a playback unit 4200A, and a control unit 42003. The 15 pl ayback unit
4200A includes a swtch 4212, a first read buffer 4221, a second read
buffer 4222, a systemtarget decoder 4203, and a pl ane adder 4210. The
control unit 42003 includes a dynam c scenari o nenory 4204, a static

I 040 20 b k I
i1 420505 o W02 7Hr RAB BCRPR b6 HAHD- 4300 ad %ésf‘c C°”;;ZOB
[ b 0 t {
B o mount 84 B ARPpa RIS R RS LRLh PR R Al s b batidee Ui s

may be @H@k@bggggyl§éﬂ%lt¢rea% $96 gé?l(a &hd (&lé fonakh Rt B«F&%am%@%zdynam ¢

scenario nmenory t he stat scenarl nmenory e program

- executi opgWdy42Q067:80d 4 £a §7§\/eﬂt1i %brggwagét%féﬁ.g.o@%ﬁgn@q

identical structure with t D playback device sho
Accorgli nghyyedetail s thereof are incorporated by reference to the above -
expl anati on

[0200]
In Fig. 377, the decode counter values 3606A énd 3604B
are incremented alternately between the base-view stream 3701
and the dependent-view stream 3702. For example, for the I
10 picture 3711 in the base-view stream 3701, a value of "1" is
allocated to the decode counter value 3604A. Next, a value of
"2" is allocated to the decode counter value 3604B for the next
picture to be decoded, the P picture 3721 in the dependent-view
stream 3702. Furthermore, a value of "3" is allocated to the
15 decode counter value 3604A for the following picture to be
decoded, the P picture 3712 in the base-view stream 3701. By
allocating values in this way, even when the decoder in the 3D
playback device fails to read one of the video access units due
to some error, the decoder can immediately specify the missing
20 picture using the decode counter values 3604A and 3604B.
Therefore, the decoder <can perform error processing
appropriately and promptly.
[0201]
In Fig. 37A, for example, an error occurs during the
25 reading of the third video access unit in the base-view stream
3701, and the Br picture 3713 is missing. During decoding
processing of the P picture 3722 contained in the second video

access unit in the dependent-view stream 3702, however, the
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of the 2D pl ayback device. [0219] The BD-ROM drive 4201 incl udes
el enments identical to the BD-ROM drive 1801 in the 2D pl ayback device shown
in Fig. 18. 5 Wth use of these elenments, the BD-ROM drive 4201 reads data
fromthe BD-ROM di sc 101 in accordance with a request fromthe playback

from tnel BRbaERRs SEMEhe de et so e Rt Bhh B e S T8RO he
second rggg ng& It% - ]thiSrpeé;l f.i caI lj’[x‘he %ecc%[} lé}ﬁlg’{lr 2‘%4%0185|§rﬁztthe

alternately receives rea requests ase-

depend f | 7 Fo

e entonbai SR A AR et eea?ﬁ%&%eg%‘%%hzg BEAL Sy dHe S T Bel 1ot o

sends exaseéést{?ﬂi)@%'d“% @88@% % &é‘ﬁié iée }F . (e fc%'ﬂﬁ%% 2. From
e Swtc 12 bel o e

anong these extents ends nging tot ase-vi ew

stream f{heutaddi® {inde (eadouddiess 4223 @Hgt Bﬁlgxé%zgﬂg'%gltcgukge

dependent -view streamfile to the second read b ring playback

of 3D vigegzifmees, PaLPeEBBhasEs \daW R rc%mtfelxl §a20d 38622%0r the
dependent -view streamfile need to be sent in this way in parallel to the

read bufhexs #22do atAR 2iniACEd Bengb¥a the BO- R i &g 42BL meeds to
have a faster access speed than the BD-ROM drive 1801 in the 2D pl ayback
devi ce. TRR2xR5iked brslesteadibuthet #22cwaneh 1hersatomduetrd bykfer 4222
are buffer nenories that use a nenory elenent in the playback unit 4200A.
| n parti thé dourdihf ¢ tdeo th careeasuh it arsthgla senpiew ekegant3 20 e, whegeas t he
read buffers 4221 and 4222. Alternatively, different nenory el enent s may
be dfed dscofie comaderuvdtus 2R aad U22ZheTdecddeas thueaik hedferhd221
stores the base-view streamfile transferred fromthe BD-ROM drive 4201.
The secohld fasiaked Gbf read 22 ¥ isteor escelbe dependirtewdtng 5y rdemiscbidee
transferred fromthe BD-ROM drive 4201. [0221] Receiving a request from
for exanphl, eX¢ruis qpzan oraaasvmatia "A00 fdeacqsbriopriorgs3Dng afl i st

| ayback
play the B picture 3723 extracted from the third video access unit

in the dependent-view stream 3702, since the Br picture 3713

15 to be used as a reference is missing." In this way, the decoder
checks the decode counter values 3604A and 3604B during each
decoding process. Consequently, the decoder can promptly detect
errors during reading of video access units and can promptly
execute appropriate error processing. As a result, the decoder

20 can prevent noise from contaminating the playback video.
[0202]

In Fig. 37B, decode counter values 3604C and 3604D are
incremented successively in the video streams 3701 and 3702.
Therefore, the decode counter values 3604C and 3604D are

25 equivalent for a pair of pictures in the same 3D video image
access unit. In this case, when the decoder decodeg a video
access unit in the base-view stream 3701, it can predict that

"the decode counter value 3604C is equivalent to the decode
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pr ocessi

playlist file stored in the static scenario nenory 4205. For exanpl e,

ng, the playback control unit 4207 first refers to the 10 3D

as

shown in Figs. 30 and 31, the 3D playlist files 243B and 243C specify main

pat hs 3004 and 3014 and sub-paths 3005 and 3105. Subsequently,

contr ol

f f 3 d
The. i nBUERE® 1635040 QAR H005RC AN b Le GRS er B diae : %%%i%?ﬁé?ﬁén to
f fil ,
o1 ay back BottFol SeREaEh 6y ReF SAladS I teek OBt 2Bt ayli FFor

t he pl ayback

from

t he
mat i on

#L3 10 GLdssCl AR syt pathe 005,00 2103 aambaisgs Hsser pLeges of

|nfornat|0n O Specl

DCL1-3

scenarlo nennry

VI ew s rean1 sections

785 def ¢ ;%E%reéﬂ. tplti’ﬁétﬂa“léhg ééB{ie%ﬁ £20 4 Aqke ?.%%%ci E’SrStat'C

frmnammgt I'p 1nformation

i I'es associ at ed

W th Seacbhé‘?fétx'to{hdégfﬁée .ﬁub@% @:EUeYdQBBae&%Q?tﬁe%a?s%?%%%@%rbamﬁ gs.

13A and

10

15

20

25

40A. I'n this way, e playback control
3701 is equivalent to the decode counter value 3604D plus one."

Accordingly, at any point in time, the decoder can promptly
detect an error in reading a video access unit using the decode
counter values 3604C and 3604D and can promptly execute
appropriate error processing. As a result, the decoder can
prevent noise from contaminating the playback video.

[0203]

<<Clip Information Files Used in 3D Video Images>>
[0204]

Figs. 38A and 38B are schematic diag}*ams showing the data
structure of a base-view clip information file 3801 and of a
dependent-view clip information file 3802, respectively. Here,
a "base-view clip information file" is a c¢lip information file
that should be associated with a base-view stream file, and in
the present embodiment corresponds to a 2D/left-view clip
information file. A "dependent-view clip information file" is
a clip information £file that should be associated with a
dependent-view stream file, and in the present embodiment
corresponds to a right-view clip information file and a depth
map clip information file. Like the 2D clip information file
shown in Fig. 11, the clip information files 3801 and 32802
include clip information 3811 and 3821, stream attribute

information 3812 and 3822, and an entry map 3813 and 3823. These
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25 unit 4207 determ nes whether the extent at the playback start point
bel ongs to the base-view streamfile or the dependent-view streamfile,
based on the extent start type witten in the entry nmap headers 1301 and
4011. Fromthese results, the playback control unit 4207 determ nes an

initial f th h.4212. Sub h | b |
it Zzoggﬁatks;%rr‘%"%%%%gr“% tS%PFrg’? 6 d%%}%;&foﬁt%seaﬁr%ﬁé&aey P:F the

1 1 - t 5
Proe b oLk AaAge ] Gl TP BbLh B B g1 O BT 1 Ten.
the re%fﬁkowgegghem% staft f 9&[,@9 E@%téyﬁg' '3'?% edcag%g%ﬂbgsaﬂe

above- nent1 one etermnation results first rive 4201

[ hanst orRalpe gL oy} | E8hat¥ianl RERTLIOREDRALAr LEecaR0LctRs BlRe Of

t he read ers 4 e extent rans

t he rseadlﬂ%%étégﬁlwﬁz“%%?tﬁé’é rRSHEN ) 981 166 g‘clina%%ggbfh’ieadd' tion

to such processing, the playback contro un|t 4207 rea neta data

3814 showsobn EhESin88AmabdoR9Bsf naAREhecbase- léh%&?‘%fclnhﬁ hgbermation file
stored in the static scenario menory 4205, 15 and transfers the 3D neta

data 3814otostihe plane adder 4210. [0222] First, the systemtarget

decoder 4203 reads source packets alternately fromthe base-view stream

file stored i n<the Mmétstpaeadsbuffer 4221 and the dependent-view stream

file 20 stored in the second read buffer 4222. Then, the systemtarget

decoder 4@286tenultipl exes these read source packets to separate the

el enentary streans therein. Subsequently, the systemtarget decoder 4203

decddes each ofighedd emenFagy 9B ears sshpasat el Jiadtamderhowing the system

target decoder 4203 25 wites a decoded base-view stream dependent-view

stream datamiarycvideeStthearD hG&atdatam3sddd PBeskDewna ntacabGislig-in

dedi cated nenories, nanely a 2D/l eft video plane nenory, a right video

pl ane neh%rlylf%v‘qu deedglameherermappinmpkGopbare areltbeyRG sameam, PG pl ane
menory, respectively. The details of the systemtarget decoder 4203 are

descri bedChetERam [ Hheaserandasy2YIdppaybeekn ddvdtc@rea halsiayeredari abl e

storage . )
into the base-view stream file. "Cropping processes" refer to

15 the processes that add depth to the 2D video images played back
from each stream. During these processes, a left-view and
right-view pair is generated by shifting each 2D video image
in a horizontal direction. The amount of shifting corresponds
to the binocular parallax that generates the depth that should

20 Dbe given to that 2D video image. In particular, the 3D meta data
3814 includes a value that represents the number of pixels of
the amount of shifting, i.e. the "offset value."

[0207]
As shown in Fig. 39A, the 3D meta data 3814 includes a

25 table 3901 for each PID in the PG stream, the IG stream, and
the secondary video stream. Each table 3901 generally includes
a plurality of pairs of PTS 3902 and offset values 3903. Each

PTS 3902 shows a display time of a frame or a field in the PG
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5 unit 4208 includes the SPRM shown in Fig. 19. However, any two of the
SPRM (24) -(32) that were reserved in Fig. 19 include the above-descri bed
two types of flags (A and (B) . For exanple, the SPRM (24) includes flag
(A) , and the SPRM (25) i ncludes flag (B) . When the SPRM24) is "0," the
playback evice 10 10 su rts back 2D vi deo ima , and when
itis™" s£ TERE pt%}é?/l} cﬁ %pggg e ‘E)n 031?3:9??1‘50 'th?agg%ﬁIEEyback.
When the S t he 3D vi_de ay. node of th pl ayback
v ce TEILRE 1792 i n%%i%ré%w A fret: "Eth)EO%&bteﬁ ﬁféf@wwgfefbﬁ Foack

oy Lot ¢ 3?320 IR ¥hie BHE0380P 45 apsa et Ao ARS8 T trs S BRI e 1 6
pl ane daﬁgb%ggggmg%dﬁ}eas g 198, Pl 29S¢ ag»%sfmﬁta%d %St%@g ag get

decoder super’i nposes-a hese a to” conpose one GVi deo

framg o B%ilg%gw Téﬂgfcfgeﬁge 1 t%b%%oaﬁrn%ﬁ[s%béﬁ@w. h %h%%glwig%l%sp' ay

devi ce e screen

functiongl Qéeﬁkoéfégﬁa&hQE% é@nﬁmﬁgqﬁka%%%gofTQ%ep he}B%gEr 210

i ncludes a paral l ax vide nera ron 25 unit 0, aswtc our

adders 4331tA4314rsand £14irsas é}&%@ﬁ@é@lé}&ﬂw t1% 432le432p1el 9226] The
paral l ax video generation unit 4320 receives 2D/l eft video plane data 4301

and ri ghtiyi dem pkaseptiabs I8Hgef P Ng1 SAST 80Db AT dale deaasenr42@3. Wen
the 3D video i mage playback node of the playback device 102 is set to L/R

node, thentb{l #btiyixamad aredahe #881cfepfesententaryiydea s nagoeoor. fiel d
inthe 5 left-view stream and the right video plane data 4302 represents a
vi daw framethisf cekd, | &s tdieown g -Fiew S4B eam dATddd sragase oft ks paral | ax
vi deo generation unit 4320 sends the 2D/l eft video pl ane data 4301 and the
right vitbe pEésetdatard3PR bs tdEld atre dr0 SThe rewidec 3 90310 o £On 8@ 00t her
hand, when the 3D video i mage 10 pl ayback nbde is set to depth node, the
2D/ 1 eft vPpd200 Pl aneardhttar d3ftetepatgends 8 vindebef ofhfiseoredtef did ast he 2D
video stream and the right video plane data 4302 represents a depth map
for thatvelddoifir anmeSEF thnpd. 3PA4BhiEromag@000RetpaBalPPAR .vi deo generati on
unit 4320 first calculates the binocular parallax 15 for each elenent in
the vi dedORP8he or field using the depth map. Next, the parallax video
generation unit 4320 shifts the display position of each elenment in the

vi dé@ frane or<fPergeRoAtREIPere SRLPrHAEiIGBCEPHI hbet Depradeatcligved

bi nocul ar parallax to construct the video frames or fields representing 20
the left® ggéﬁméﬁd the right-view The parallax video generation unit 4320
further ig 83 |l eft and right video frames or fields to the switch 4310 as
the 20/ | 4P€%91 deo pl ane data 4301 and the right video plane data 4302.

[0227] As was explained with regards to Fig. 34, the

dependent-view stream is compressed using the base-view stream.
20 Accordingly, the video stream attributes of the dependent-view
stream become equivalent to the base-view stream. Here, the
video stream attribute information for the base-view stream is
associated with PID=0x1011 in the stream attribute information
3812 in the base-view clip information file 3801. The video
25 stream attribute information for the dependent-view stream is
associated with PID=0x1012 in the stream attribute information
3822 in the dependent-view clip information file 3802.

Accordingly, the items shown in Fig. 12, i.e. the codec 1211,
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25The switch 4310 sends 2D/l eft video plane data 4301 and right video plane
data 4302 with equivalent PTSs to the first adder 4311 in that order

[ 0226] The first adder 4311 alternately receives the 2D/1eft video
pl ane data 4301 and the right video plane data 4302 fromthe switch 4310.

'rfep?'eiSn?%%éf{l‘ﬁigﬁ'léfz{ﬁ?ééﬁéﬁﬁ FRbts Ya ADRFeRe i Trtel FEE R0 ng
it.4321.. Next., il : i 1 - Vi
ol ane dat&-VEP SSE il Eieedrot Vil DRCPRat A R FREOERaRisas 2 daor
The 11 ontE T ar A Ot P PR o 2 e e e B Bt ™ e

| ef t ang%ié?megii%ee?gl 5L 001 4, U A SHRARL drit thesgeeadnadder

4312. | e second adder 431 ternately receives left and

rights vi dgo.plape;data blLeahbheddinst adferctdlleadt gleoupdtesnabely 15
j P

receives a pair of PG plane data pi éces representing the |eft-view and the

right-vi guebaem the SR oL ChaPhng 4 S dNidnA32ameNeste khe second
adder 4312 superinposes the PG pl ane data representing the left-view on the

pl ane dahateBprasenNbhngcibenl wfdsameye ahe cFupes iIgraseadtieyRGvpliane data 20
representing the right-view on the plane data representing the right-view

After supghi BROSiehicnLeaP! etierdfierd efthewd vidgds Watemeplshvemdata are
alternately sent to the third adder 4313. [0230] The third adder 4313
al t er nat ebywideeiivesyd it thaditr nghting5t vé deieyd mrfeedatiacbmdorthelsecond
adder 4312. It also alternately receives a pair of 1G plane data pieces
reprigsenfonagoihe left-view-and the right-view fromthe third cropping
processing unit 4323. Next, the third adder 4313 superinposes the |G plane
<<Entry Map for Dependent-view Stream>>
[0211]
Fig. 40A is a schematic diagram showing the data structure
of the entry map 3823 for the dependent-view clip information
15 file 3802 shown in Fig. 38B. As shown in Fig. 40A, the entry
map 3823 includes a table 4001 allocated to the dependent-view
stream. The table 4001 includes an entry map header 4011 and
a plurality of entry points 4012. The entry map header 4011
indicates the PID for the dependent-view stream allocated in
20 the table 4001, i.e. either 0x1012 or 0x1013. In each entry point
4012, a pair of a PTS 4013 and an SPN 4014 is associated with
an EP_ID 4016. The PTS 4013 is equivalent to the PTS for the
top picture in one of the GOPs included in the dependent-view
stream. The SPN 4014 is equivalent to the top SPN of the source
25 packet group recorded by the top picture. In particular, among
the PTSs in the entry map 3813 in the base-view clip information

file 3801, the PTS 4013 for the entry point 4012 is equivalent

to the PTS for the entry point in the table allocated to the
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data representing the left-view on the plane data representing the

| eft-view and superinposes the IC plane data representing the right-view on
the plane data representing the right-view After superinposing is
conplete, the left and right vi deo pI ane 5 data are alternately sent to the
- fourth aglder 4314. [0231] he f urt‘lﬂ? adder 4314 alternat %Ué recei ves
left and°PPGAY T d r%?fan ‘aa‘ft&l?lf o T EHuS" £5EEY PPLE

I I dat he 10
et £ v, cOP bt TS RGeS T ?%&%ﬂ?wa%ea%w? PS8 fy Gk ¢ as2a.
Next, the.f h_add 4 dat t

the |eftev.é’”r%%r%‘%e%ﬁ:%%eﬁiffiei %rce)azrg%t%&n% R RaPed R b er | mposes
h

the | o RLANS, Rla.T eRLaREILLAG 4 e LRty ey 00.Lhe Hlans datapls

represen ter superi osin

rightz vi p a.are r sent to the di spl ay device 103.
[02325] |ﬁﬁfSE .%ﬂ%‘yﬁé‘%&% 0%%9 %ﬁg#om 4300 in Fig. 43, the 20 2D/ eft

vi deo pl ape;dpta 4301, right video plane data 4302, sub-video plane data
4303, |G plane data 4304, PG plane data 4305 and i nage plane data 4306 are

super i nposed if;&hisg 95%@&@&@9@%@%@@%@& gra&@@ﬁ%aevw%ﬂr@ages
i ndi cated by the sets of plane data are displayed on the screen of "t he

di spl ay %&ﬂeg@@c L3t aHChaddali dhesdiddnelit 10 468 tHaBRpehdehe -Riight Vi deo
pl ane, e sub-video plane, the IG plane, the PG plane, and the inmage pl ane

are overkgidainnuihd s 1 del t{82384eo streams 4fh® hhBS1120, GOPs that
croppi ngprocessi ngunit 4321 uses 3D neta data 3814 to perform croppi ng

proaassi ageothé heamsel brunikao filcanehdatapd368rekant hvsda@ytod hthes wamd deo

pl ane data 4303 is transforned into a pair of sub-video plane data pieces

t hat reppksghaich petibdl- vAewhowh dnr Fdht. ¢iewianthea ke s -tveravatsglneam
transmtted. [0234] The second croppi hg processing unit 4322 uses 3D
met a dat 41381l4etorpepdonns cAlopB ngt r3dke ssichdg 108 Bt hee P& pl ameldattapd304. In
this way, the PG plane data 4304 is transfornmed into a pair 10 of PG pl ane
dat a pi ecésthhafirepr@eBnila thettlviedy GOH #3rizpd thiewidih 0P dX.ernatel y

transm tted.
respectively. Accordingly, in the dependent-view stream 4120

15 as well, entry points 4101D, 4103D, and 4105D are set to the
top of the first GOP #1, the third GOP #3, and the fifth GOP
#5, respectively. In this case, when the 3D playback device
begins interrupt playback of 3D video images from, for example,
GOP #3, it can immediately acquire the top SPN of the source
20 packet group to be played back from the corresponding entry
points 4103B and 4103D. In this way, even during playback of
3D video images, it is possible to improve response speed for
processing that requires random access to the video stream, such
as interrupt playback or the like.
25 [0213]
As further shown by Fig. 40A, each entrypoint 4012 further
contains an extent start flag 4015. The extent start flag 4015

indicates whether, from among the source packet group stored
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[ 0235] The third cropping processing unit 4323 uses 3D neta data
3814 to perform cropping processing on the |G plane data 4305. 15 In this
way, the I G plane data 4305 is transforned into a pair of 1G plane data
pieces that represent a left-view and a right view and are alternately

transn1tted 0 36 4A and 44B are schenatic _di agrang sh ng the 20
cr oppi ngPHr ol %P%%ggé%%ﬁwﬁquﬁ§W4rgﬁetﬁﬂq§§§h9ﬂﬂh@§ P&ﬁ&lﬁ&dgkgbe55|ng

ot or P ﬁ;‘ﬁé%g%%n ﬁ{‘%ﬁé@ﬁ&%ﬁg@{@ﬂﬁ&%%ﬁ;pbfx R8T un,

4322. First. the secon c essing uni sear ches among the 3D

ot a dat & AP E S ﬁﬁ%@%@fw h e b ‘ﬁéﬁ%ﬁﬁ%@&iﬁ%ﬁ& he s
= 0x1200 PG

o ooe o EEadk il LRE. TP SnSXIENA Mhn il RN G End Mty R BEO0E

ent 1 3904, Hhaol 5. LT SO LYcUal il AIFooRsEl BES.L e P1dsekcpval ug 3903, 1

vi deo pl ane e superinpose ane | ef t

video plage.data tﬁﬁeo‘;xtteggrgggg{e;ﬂﬁ%l@lweﬁsSéﬁﬁg%ggi&%tg%%{ 1Bl ts the

PG pl ane data 4304 1 n rection wthre
is "1." In this case, the value of the SPN 4014 in the same entry

point, "3," indicates the SPN for the source packet at the top
of the first extent 4022 in the track 202 on the disc 101. The
10 value of the extent start flag 4015 in the entry point EP_ID=1
is"0." Inthis case, the value of the SPN 4014, "1500, " indicates
the SPN for a source packet recorded in a section other than
the top of the first extent 4022. The value of the extent start
flag 4015 in the entry point EP_ID=2 is "1." In this case, the
15 value of the SPN 4014, "2200," indicates the SPN for a source
packet at the top of the second extent 4023. Accordingly, the
SPN 4014 for entry points where EP_ID=0 and EP_ID=2 indicates
the range of the SPN for the source packet included in the first
extent 4022. The 3D playback device is able to seek the size
20 of the first extent 4022 and the extent ATC time from the size
of this range. Furthermore, the 3D playback device can indicate
to the BD-ROM drive the range to be read without seeking, from
the file system, the range of the logical addresses of the first
extent. Consequently, the 3D playback device can promptly
25 execute the read process. Also, the entry point 4012 is always
set, from among the source packet group stored by the
dependent-view stream, to the top of each extent on the BD-ROM

disc 101. Accordingly, the 3D playback device can promptly
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5 the 2D/l eft video plane data 4301 by a nunber of pixels 4401L equi val ent
to the acquired offset value, as shown in Fig. 44A. At that tine, if the
of fset value is positive, the second cropping processing unit 4322 shifts
the PG plane data 4304 to the right, and if the offset value is negative,

it shifts the 10 data_.to the left. Subseguentl t he second cropping
processi AGCEHFE 235934 cRBUEESE ct BpsF¥nCar & e4§6§ﬁngf'the PG pl ane data

4304 thai gxﬁfnds out of the range of the 2D/l eft video plane data 4301 and
superinp Qes*t he remai ni ng area 4403L on the 2D/l eft video plane data 4301.

On th h hand, .i.f th i | .d ich d i i d

ot h:h?i ght f ?f&&lﬁ%@ggéﬁge%%%‘% R AR TR B SRRy | TPOSe

4322 shi b 0 ; ! ! o

o e bhbpt IFe ERPEARE,GRA £ rElBe0oL SN Plp AWl RIIECSPEC
. e ! ™ ime if th

to the agﬁHh_r. eﬁc@é:ﬁ?ﬁ&%ﬁéﬂ, ;ﬂﬁxee gg%é}g F B cf4Bn 20 rLNale g, If the

of fset value i'S pos oppl ng processing unit 4322 shifts

the PG phénéaéﬁhéuﬁgﬁgs%ggﬁgfb%gkﬁe_BQQ?L$iéweg€§é§£tff6ﬁlehé sxhegative, it

shifts the data to posite fromthe case shown in Fig. 44A

Subsequegthyc £Ngy $6¢8NIridAPRALAY, RHECES PG/ LHUK 34322l &I HeSmbe 14,Cr 0PS)
an area 4402R of the PG plane data 4304 that extends out of the range of

the righte¥ihdencpbangrdata #3084 and sppebiMmpesesibhe remaining area 4403R
on the right video plane data 4302, as in the case shown in Fig. 44A. The

first cropphpy processing unit 4321 simlarly perforns cropping processing
on the sub-video plane data 4303, and the third cropping processing unit
4323 i m | arl yarpei £ 0ons1Ty PPpabY RHGEESSidl lendde LGLDl dnelddka 4305.

[ 0237] Figs. 45A and 45B are schematic di agrans respectively show ng a

| ef t - vi eaxapdtastaght eypew Thpeeknpasedthytcrtype Hngdicecessedistovirs in
Figs. 44A and 44C, and Fig. 45C is a schematic di agram showi ng the

resul ti ngpo3btubded fimge ¢thathé heraclewsd?2 1on i sherekie-RQM phirsseilod.: lam t he

| eft-view, as shown in Fig. 45A, the PG plane 4502 is shifted to the right
Wit h respatentostbrihefthe ibdee ptimve sAZGHEN, bpraanoéxiert stowinddsde , and
thus the area 4503L on the left side of the PG plane 4502 appears

super i npdspendanthEipefst xeaieo Asicoreiamin,. bAsref ewsing to ke extent

15 start type, the 3D playback device can easily determine which
of the extents storing one of the video streams it should first
request that the BD-ROM read.

[0216]

<Structure of 3D Playback Devices

20 [0217]

The following describes the structure necessary for the
playback device 102 to play back 3D video image content from
the above-described BD-ROM disc 101, i.e. the structure
necessary for a 3D playback device. The fundamental part of this

25 structure is identical to the 2D playback device shown in Figs.
18 to 20. Therefore, the following is a description of sections
of the structure of the 2D playback device that are enlarged

or modified, incorporating by reference the afore-mentioned
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15 2D video inmage 4504, i.e. subtitles for the PG pl ane 4502, appears
shifted to the right fromits original position by the offset val ue 4401L.
Conversely, in the right view, as shown in Fig. 45B, the PG plane 4502 is
shifted tothe left with respect to the right video plane 4501R by an

of fset value 4401R, and 20 thus the area 4503R on the_right side of the PG
pl ane 458955pHBET ST fpERE AHUR LAY BFCE REVACEhE X it WISATREUIBDU R AS - a
result, the Zg,vi deq inmage 4504, i.e. subtitl%s for the PG pl ane 4502,
appears BRPRT angot(t)“r‘?e PgFYbFFEmHJT%Ceo?FPd??\aP poy t VoASBy YMREST f Bt val ue

01R Co | . h i Fi.g. 5 3D 25.vyi i 4504 of
Cho supt PEpeLdERte i e P%%é@'l%&dﬁl%ﬁ@ﬁfﬂ%@%%ﬁﬁfﬁm:ﬁ?g’ﬁ@ﬁp| aﬁg
4506. dij j i i 1 t i - Vi
(T aht - vi BACB Ghetiie D o el W%?ﬁ%s% -neg-f’et;%ﬁe%ﬁ%@s@ BESSESSIRG, REg 3%5, d
ri gl | | : Sk .
Lo nEPoBRE R 1l RAEKGE MUK dd AU nIBnd hanflCBLRLERARe Sdded

see the gpNQRCcop ﬁlé}pﬁggk AW Ple Al SN HAREE HRD 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
10 images, i.e. 3D playlist playback processing.

[0218]

Fig. 42 is a functional block diagram of the 3D playback
device 4200. The 3D playback device 4200 includes a BD-ROM drivé
4201, a playback unit 42002, and a control unit 4200B. The

15 playback unit 4200A includes a switch 4212, a first read buffer
4221, a second read buffer 4222, a system target decoder 4203,
and a plane adder 4210. The control unit 4200B includes a dynamic
scenario memory 4204, a static scenario memory 4205, a program
execution unit 4206, a playback control unit 4207, a player

20 variable storage unit 4208, and a user event processing unit
4209. The playback unit 4200A and the control unit 4200B are
mounted on a different integrated circuit. Alternatively, these
units may be mounted on a single integrated circuit. In
particular, the dynamic scenario memory 4204, the static

25 scenario memory 4205, the program execution unit 4206, and the
user event processing unit 4209 have an identical structure with
the 2D playback device shown in Fig. 18. Accordingly, details

thereof are incorporated by reference to the above explanation
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5[ 0238] Once again referring to Fig. 43, the inmage plane data 4306
is graphics data sent fromthe programexecution unit 4206 to the system
target decoder 4203 and decoded by the systemtarget decoder4203. The
graphics data is raster data such as JPEG data 10 or PNG data, and shows a
QU graphics, part such as _a_nmenu. The fourth cropping processing unit 4324
per f or ns°% heRer eBpPhaYProtedeYhE®on the i mage pl ane data 4306 as do the

ot her cr? Eing processing units 4321-4323. However, unlike the other

croppi ng § b ssing units 4321-4323, the fourth cropping processing unit 15

4324 ds th ff I f ffset jnf ti i fi b
1300 1230 (el ool LLpmplisel, Ll gt g0 seecl[Led by g,or oot am
5 OSSR e 0T A, CYGELLO MOLL o208 LD sy Yol f ot

i nformatTon correspon h ge’r sent gl he

: : | at ; ' : .
i © 24320 ehousS OF e e S L 4 hgBac kBB Rl e
dder 42 [ t I
data conbr and by hERPEARSS) 16 h GO Ie TR LRI Dcpchg® P AN
conpl | espibiBathiR Ushar MBINOdniRptadsldbdh denChy stishA¢ difie di Splay

device 1 0 which the data 1s outputtied. If an alternate-frane sequencing

net hod i $sagopted; vi Dyt hendert & tHO B & iddaRane addee 424@ out puts
t he superi nposed pl ane data pieces as one frame or one field. On the other

hand, iffarset hadd hatirdses aienthCUutpe IR 2dat eshifet haodevi ce, the
pl ane adder 4210 superinposes the left and 5 right plane data pi eces as one

frame orspseifiehtlpf vH«leo-doMad ¥d 4usa 6f rbbeIdAdatdn pukien vignory.
More specifically, the plane adder 4210 tenporarily stores and holds in the

buffer nesady t&gueett viEdeo phanebdatavtbat Basehfenfilper nposethef i rst.
Subsequent |y, the plane adder 4210 superi nposes the 10 right video pl ane
dat a, andepentibet -sipersnpae £ ifleef resutianlagdbakwdhttbe dreftt 42iodeo pl ane
data held in the buffer nmenory. In the superinposing, the left and right
pl ane daia yidcesfangedch dhw\adsddincawithteaett rdquesti, orhe BR-RO3Mal |
rectangul ar areas that are long and thin, and the small rectangul ar areas
drive 4201 alternately sends extents belonging to each AV stream
15 file to the switch 4212. From among these extents, the switch
4212 sends those belonging to the base-view stream file to the
first read buffer 4221 and those belonging to the dependent-view
stream file to the second read buffer 4222. During playback of
3D video images, both the base-view stream file and the
20 dependent-view stream file need to be sent in this way in
parallel to the read buffers 4221 and 4222. Accordingly, the
BD-ROM drive 4201 needs to have a faster access speed than the
BD-ROM drive 1801 in the 2D playback device.
[0220]
25 The first read buffer 4221 and the second read buffer 4222
are buffer memories that use a memory element in the playback

unit 4200A. In particular, different areas in a single memory

element are used as the read buffers 4221 and 4222.
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15 are arranged alternately in the horizontal direction in one frane or one

field so as tore-constitute the frane or the field. In this way, the left

and right plane data pieces are conbined into one video frame or field,

whi ch the pl ane adder 4210 then outputs to the appropriate device. 20[0240]
et Decoder

;" ?ﬁg{ : g‘ﬁéﬂ%’?ﬁ%ﬂ\ﬁ?ﬁéﬁ §mﬂrff£1%rrf ;ﬁ‘@ %%??Fn@&&%é@%‘é@?ﬁ&us&% t#s?ej:é?&uct ur al
i ig. 46 di 25 ., D i i
Ei ;f?%%ﬁpﬁﬂ%'f%%ﬂ%d% YAe7 pie 1B FRAY RRGECENARAS SEPbRE PBor ead
, i i d i.s d | ed d Is | d d
s a 30 VA0 BhGL RDden & E%ﬂ%iﬁ%ﬁ?ﬁﬁ%‘?%@e bk B85 g8 e
co )
SLeoan afifle B ACRLIdAN BBE LoD SCa,Ue ALNALIARGL L DS RecoRdaty Vi deo

decoder, I, primary au oder, secondary audi o

decoger, i ] i r SSOr n n nories are simlar to

thosg i nfcf%%egrﬁégé}?ﬂ% 2 %rFay %c%ﬁdpéc\)/@cgrgk%vﬁz?%' Fig. 20. Accordingly,

anong thia?ﬁ fictural el ements shown in Fig. 46, those differing fromthe
a

structur el enents shown in Fig. 20 are descri bed bel ow, and details about

simlar str uctm@@éiﬂ%eat %:éb%?eé@c@fgﬁr, at &gk byxkRbEESNGEnd Opﬁrbgram
expl anation for Fig. . 10[ 0242] The first source depacketizer 4611

reads soiseupdsketumift oapbhe fdr shereaemiulf esp4Rhyfiaitchpsaybapacket s
included in the source packets, and transmts the TS packets to the first

PID fil t}?foé@§§in§' he e poagbseir 66ntepackeit 200 74612seepsSedd tsouhee
packets fromthe second read buffer 4222, fetches TS packets included in

t he 190ur 3p HlaskKelsx, fand $tansdiinsthéest packenartio naeosgomots PFBrfilter

4614. Each of the source depacketizers 4611 and 4612 further adjusts the

time of ¢xamplerrdsnghthre ESFigekes§,arich3acconelddcelaylhsthel JAES268Bt he 20
source packets. This adjustnent is nade in the sane nmanner as nmade by the
sour ce dapdcke:Czare @AY rshiowpathFixPoLGndBws 4 thnel dabaipladdiseRPl0&nat i on
of the adjustnent provided for Fig. 20 is incorporated in the follow ng by
ref er encand[ 3RA3] JFWraiénsiy Plihd plasrbated Favisar amitthd 207Dyegdst he TS

pieces of playitem information #1-3 in order from the main paths
15 3004 and 3005, and uses these pieces of information to specify
base-view stream file sections LCL1-3 in order. In parallel,
the playback control unit 4207 further reads pieces of
sub-playitem information #1-3 in order from the sub-paths 3005
and 3105, and uses these pieces of information to specify
20 dependent-view stream file sections RCL1-3 and DCL1-3 in order.
Then, the playback control unit 4207 accesses the static
scenario memory 4205 and, from among the clip information files
associated with each section, refers to the entry maps 1103 and
3823 shown in Figs. 13Aand 40A. In this way, the playback control
25 unit 4207 determines whether the extent at the playback start
point belongs to the base-view stream file or the dependent-view
stream file, based on the extent start type written in the entry

map headers 1301 and 4011. From these results, the playback
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packets received fromthe first source depacketizer 4611 with the PIDg:
previ ously designated by the playback control unit 4207. Wen two Pl Ds
match, the first PID filter 4613 transfers the corresponding TS packet to
the TB(1) 4601, the secondary vi deo decoder, the |G decoder, the PG
decoder, the audi o decaoder or the secondary audi o, decode f the Qg vi deo
i mage deTOREFCOA3IIHEL d6fdn ?F@r%hn?ﬁénPPBFtéﬁﬁiPﬁ??§}°?ﬁ%£§§fbﬁ31?F filter
4614 5 t f the TS Kk : ived f t.h
depacket 1207 48185 EHPEREY qo EbBeFLoYRAL QIR CHEL I D 8T BAERE TS
ket. He ' j gs.. 33 3 t h d - Vi fil
Gener ai 15ETRET DS DIy 158! AEbERAATEL bP G SPsern TRESS 15 CEheist
| ayl i st_pl.ayb . d. Pl iht 4 ket
il y (9L RS Gatsy VAB0E SRTRE LI Tracediebantehf SRt i LRSS
h i 1g. , | 6 i B 0 MB( 1
3602° ant ER 15 e i Ver A B AR A kR S B pteea
buf f ' j : ; d
i cture. St FaR 4807 The SR BT T heoNB( 13602 TRE BRI 3505, the
TB(2) 4608q: thEciB2knA6980vEDREE She 4640 &t Abie: DB AROR ke akl buffer

menori es, each of which uses an area of the nenory elenents 20 included in

the 3D vigeerdegodss KoM Jr N & dd1ate 13018 Ofs dlHe Qhdikesa rByf Eeteppnori es
maybe separated on different nmenory el ements. [0245] The TB(1) 4601

recei vestIémpelek eis- HAMaldriRG ude1atddSe bapervoewisd e ughaesbbnst PI D
filter 4613, and stores the TS packets as they are. The MB (1) 4602 stores

PES 1jpackeét st 728,08Rkr étet @tk fircofutbRe TS Ra0kBESred @reth tRethead Bufiprd601.

The TS headers of the TS packets are renoved at this point. The EB (1)
4221 or 4222 to the system target decoder 4203. In addition to
such processing, the playback control unit 4207 reads the 3D
meta data 3814 shown in Figs. 39A and 39B from the base-view
clip information file stored in the static scenario memory 4205,

15 and transfers the 3D meta data 3814 to the plane adder 4210.

[0222]

First, the system target decoder 4203 reads source
packets alternately from the base-view stream file stored in
the first read buffer 4221 and the dependent-view stream file

20 stored in the second read buffer 4222. Then, the system target
decoder 4203 demultiplexes these read source packets to
separate the elementary streams therein. Subsequently, the
system target decoder 4203 decodes each of the elementary
streams separately. Furthermore, the system target decoder 4203

25 writes a decoded base-view stream, dependent-view stream,
secondary video stream, IG stream, and PG stream into built-in

dedicated memories, namely a 2D/left video plane memory, a right

video plane memory, a sub-video plane memory, an IG plane memory,
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4603 extracts and stores encoded video access units fromthe PES packets
stored in the MB(1) 4602. The PES headers of the PES packets are renoved at
this point. [0246] 5The T3(2) 4608 receives TS packets that include a
dependent -vi ew stream fromthe second PID filter 4614, and stores the TS

ackets as.th ate. The MB(2) 4609 stores PES packets r nstructed from
P s’ e 26, Bifng Temo Ry, FsEPeCia0n T I PR R LA TS S E A BT E B ac ket o
are renoved a% éhis goin% 10 Th EB%Z% éG%O extracts and stores encoded
vi deo actBEIChnPESORrhntehd PES atRELRSEtBFEAYin the 143(2) 4609. The PES

header s gé E?f PES packets are renoved at this point. [0247] The buffer
swtch 4 % ansfers the video access units 15 stored in the E3(1) 4603

DrSs. ihEdiE(L? e e e e g L L i
353, ; ' [ [ 3 j [
accest WA o T A L B R B P Ve 280st r oom

3502 are i ~ sAG car-di , I f: ess
s o R o B e B B e RS, the

buf fer subbteh-4606-1HEQ! t§6NEepds RS e BIE efh) Marddhe By3( %‘br_‘légam§9et he
conpressed vi deo decoder 4604." Additionally, the buffer switch 606 may

recei ve the @hrMesoda npnhidel: EmégrﬁﬁﬁjQﬂuﬁ@@é,SbﬁﬂkﬂﬁﬁQJkﬂikﬂﬁ;flaﬁ
o

correspondi ng video access unit 3600 shown in Fig. 36, back fromt

conpr essed) vi #Rendenedsprit04) LE tbi s ikset RRagBSCk BBEOibef fien switch 4606
can dete Lane if it should first transfer the next video access wunit to

t he 1EB( 1puppb3terplaybiek X 2D 46Dy magjergy thd drendet své thah " mher mati on
3601. [0248] The conpressed video decoder 4604 decodes each video 5 access
unit trapdégbeaek dewamd he2bafdersupndrtts 3606, dad itnhgetpaylodcit h&@hBRS of t he
correspondi ng TS packet. Here, the conpressed video decoder 4604 uses

di f f er enthde8BEMAZS5 het hotls, Acthe dihgrided hienage quliandpdak matde( @fg thRPEG 2,
MPEG- 4 AVC and VCl) of the conpressed pictures contained in the video
access uniteybanl devixedfdi g L/® ndde starshwhantit bat'Bl, "Thoecypridesed vi deo
decoder 4604 further transfers the decoded pictures, nanely the video
franes oimppel BdayvbackhmoppBigedspth mode.

15 [0224]
The plane adder 4210 receives the 2D/left video plane data,
right video plane data, sub-video plane data, IG plane data,.
PG plane data, and image plane data from the system target
decoder 4203 and superimposes all of these data to compose one
20 video frame or field. The composed video frame or field is sent
to the display device 103 and displayed on the screen.
[0225]
Fig. 43 is a functional block diagram of the plane adder
4210. The plane adder 4210 includes a parallax video generation
25 unit 4320, a switch 4310, four adders 4311-4314, and four
cropping processing units 4321-4324.
[0226]

The parallax video generation unit 4320 receives 2D/left
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[ 0249] The DPB 4605 tenporarily holds the decoded pictures. The 15
conpressed video decoder 4604 refers to the decoded pictures held by the
DPB 4605 to decode the P pictures and the B pictures. The DPB 4605 further
transfers each of the pictures to the picture switch 4607 at the tinme of

ur .eL E;-Stﬁfédtgg? f #%%#?Pﬁa‘:k tﬁﬁ%?%oz%f’ge]r&ﬁ&?ﬁ&dd%??e%o%?&é’& theon to
2621 werolRe Prevtreipebinne Th T S ool vedeet it BRelbRbfure o5
s ch 480%EL 53 bhe, BLELUS v.%é’ve%% ;%géggttovng%@a@nahzgagég?wo and

when it ongs e’ri ream e picture s Wwites it
to the r V,

Arrangen%%!taggnég Sc oﬁ\% {I;){ééﬁlégg%ntL;Régaﬂeqseeonfflrﬁaeﬁ)r?%o Irra5£138> [ 0252]
Next ,g a”l@i‘@' mﬁé%'&kéaﬁn PLAYIERA-{ 0f féﬁé‘%iaﬁaaﬁ@é‘% B5efk AV
stream fil en recording a palr st eam files represe nt| ng 3D vi deo

i mages, §. -\?1de<§ ages wrewléiaeﬁme‘ué %1@@1% & 146Pepdent wﬁwmtg gamefile, on
the BD-ROM di sc 101, such that the arrangenment is useful for seam ess

pl aybacktpt pH2-a1 080 viitRge§endPiO28lunit 4320 RBEHROLBD M deord FagRo
pl ayback, the 3D pl ayback device has to process in parallel a base-view

stream fph eanandh a depandaat + e ew c?eﬁtr eaaeb %@aﬂ@mwhamba@g fiesy age mat ch.
Figs. 47A and 47B are schematic di agranms showi ng the arrangenent on 15 the

di sc 101tefthdewddcnias ioel ongthg dthdotHarAl, shegathéiiEszidd23dhgAssunme
that, as shown in Fig. 47A the entirety of a base-view streamfile is
sequent i playbaeranattsl ienséthecddsptA@®ibde, the 2D/left video plane data
4301 represents a video frame or field in the 2D video stream,
and the right video plane data 4302 represents a depth map for
that video frame or field. In this case, the parallax wvideo
generation.unit 4320 first calculates the binocular parallax
15 for each element in the video frame or field using the depth
map. Next, the parallax video generation unit 4320 shifts the
display position of each element in the video frame or field
to the left or right according to the calculated binocular
parallax to construct the video frames or fields representing
20 the left-view and the right-view. The parallax video generation
unit 4320 further sends left and right video frames or fields
to the switch 4310 as the 2D/left video plane data 4301 and the
right video plane data 4302.
[0227]
25 The switch 4310 sends 2D/left video plane data 4301 and
right video plane data 4302 with equivalent PTSs to the first

adder 4311 in that order.

[0228]
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as a single extent 4701, after which the entirety of a 20 dependent-vi ew
streamfile is sequentially recorded as a single extent 4702. \Wen the 3D
pl ayback device processes the AV streamfiles 4701 and 4702 in parallel,
t he capacity of the buffer useabl e for the processing is generally limted.

e The b Mo Rl a8aRk 245 éﬁtsrﬁ%&ﬁy Eefeiile chl® BALIACK Dol D

4701 d_4702. I tent b d t h

oo ooyt E%. g5l i S SRR pRpRoa AL R 2
di tely_th t.h I f h. t AV

Js'ltjtrgamI fs}'t?lnc %%&E’ng g)'s{blrr!t51 |f??c§l t%T rtaﬁ:elrygad pggo\(':‘%gs g?ﬁeagﬂ I estream

file b t 3D
(12,5 e E0:B00 e kognoun ot Ll o 000 gl
seanless : !Elférgg ];g%g:te 473, the
extents Fg %othléX\/{:%t%?g%ln% flfgis: %?O ec% |sr]$l§%s}1%?g eaveé\jegct
arrangenepl. rSpeq fdLal) y43PPes@§éP1ﬁ{ﬁ>§¥\é§tEﬁémsﬁbL%:Lliéodb‘i'a‘ill%d dattz0 a 10
plurality of extents 4701A, 47013, ., and one dependént-vi ew stream

file is diyphdedntnihg endliwsl Hﬂé@&n@ﬁ@@b? 14£02A add YA 3neLlsra W diher nor e,

the extents for both AV streamfiles are arranged alternately on the disc

101. In thigs sa%@sﬁm@%sﬁa@ovwhé)ysﬁm&rﬂé@vgléﬁé dat4) reprEisentd hd e
pl ayback path
right-view on the right video plane data 4302. After
10 superimposing is complete, the left and right video plane data
are alternately sent to the second adder 4312.

[02209]

The second adder 4312 alternately reeeives left and right

video plane data from the first adder 4311. It also alternately

15 receives a pair of PG plane data pieces representing the

left-view and the right-view from the second cropping

processing unit 4322. Next, the second adder 4312 superimposes

the PG plane data representing the left-view on the plane data

representing the left-view and superimposes the PG plane data

20 representing the right-view on the plane data representing the

right-view. After superimposing is complete, the left and right

video plane data are alternately sent to the third adder 4313.
[0230]

The third adder 4313 alternately receives left and right

25 video plane data from the second adder 4312. It also alternately

receives a pair of IG plane data pieces representing the

left-view and the right-view from the third cropping processing

unit 4323. Next, the third adder 4313 superimposes the IG plane
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15 3D video i nmages proceeds in order starting with extents 4701A, 47013,
4702A, 47023, etc. In this way, the 3D pl ayback device does not have to
junp the entirety of the AV streamfile and can read both AV streamfiles
alternately in units of extents. This is useful for seam ess playback of 3D

§L§§§?E§ E%erer_ ;ﬁ?gaﬁ%g%?ﬁ%ﬁ?%wfﬁeﬁ%&}%%ef%ﬁar BPECbRRtLBAdi 11 ans
iRt R is@%y&ﬁggsg%ﬁaﬁgnﬁf e SebapepRRa2eehag, | "
(oo i BN G D Fh phefs S aihaddt 1 Ml Fighgrgulew stream
extont  sbber SRt MRS el 6 %‘zfivrv.a% SROhEadeaRt e
stream i ol ydeg. i 1 1L b2 extent 0002 ﬁeogsu§@ﬁoaq obeney sthe playback time

of the base- V|em/s Feam requi red f oF eco rng of t e dependent - vi ew stream
is GQUIV?F sp{,to the playback time of the dependent-view stream
Accordi ngly, {o econon ze the buffer capacity within the 3D pl ayback

device, it is preirefabhe;dhal 418 3D yifeoel 0,4 axbackndatgnpr oceed

alternately between the extents 4801 and 4802 for each AV streamfile for

the sameyphay d BARa fA5m BRBHEraNIESeand 3 ast H0yH ahy e tankow 4810
in Fig. 48A wever, in that case, as shown by the dotted line in Fig.

48A, a ] HEBeDGEHI S gairn@ftm@agea L8geO0Bathepaxtent ré@bsenitong thdeo 15
stream has a | ong playback tine 0259] I n Enbodi nent 1, as shown in Fig.

_48A|,:ch]I hglé@ﬁt—{rﬂéﬁ oin&acthd\V sidleamridw e fatdrh e hifugimiay backpderi ods are
nneree processing unit 4324. Next, the fourth adder 4314 superimposes
the image plane data representing the left-view on the plane
data representing the left-view and superimposes the image
plane data representing the right-view on the plane data
15 representing the right-view. After superimposing is complete,
the left and right video plane data are alternately sent to the
“display device 103.
[0232]
In this way, as shown by the arrows 4300 in Fig. 43, the
20 2D/left video plane data 4301, right video plane data 4302,
sub-video plane data 4303, IG plane data 4304, PG plane data
4305 and image plane data 4306 are superimposed in this order.
By such combination processes, video images indicated by the
sets of plane data are displayed on the screen of the display
25 device 103 such that the 2D/left video plane or the right video
plane, the sub-video plane, the IG plane, the PG plane, and the
image plane are overlaid in this order.

[0233]
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in a pair of consecutive extents. In particular, the playback 20 tines of
the video streans are equival ent between these extents. Specifically, the
pl ayback tinme of the video streanms in the top extent 4801A in the base-view
streamfile and the top extent 4802A in the dependent-view streamfile are
bot h equi val ent to one second, and the playback tinme of the video streamin
the 25 second & EAsStnCERRRIAY RHAGERR T 8niksbAR! dF§S48p XEtaafatpot h
equivalent to 0.7 seconds. The 3D vi deqg i mage pl agback gath arranged in
this way>8hs SShBRAT By HEORRIAIPESSESPATS o H3SURr bLdeaP il oraes
starting With _the extents 4801A, 48Q2A, 4801%%;1%05 iy e%c. Furt hernore, no
jump occitt®® ddm R ENE¥ e &RSHEUBT VARFOH TR ? Elﬁc B?BFEBW‘?dt he 3D
pl ayback, device can read extents continyously.wtho ausi ng _any junps.
This is UREPUF oIt sBanFURsY Py bRERIST Cabry PUBGCP MBS, TBPOTEBI " Bi ot ur es
to be Ingluded.in th To.Eg{:ents" %Oém The,t op.of xt ent
bl ongi i o UHE GRS, Ui Basrr Guay' PR thel BASETHRCEL| EEAPENEoPRne
base- vi eyy 4 f£am and the
The second cropping processing unit 4322 uses 3D meta data
3814 to perform cropping processing on the PG plane data 4304.
In this way, the PG plane data 4304 is transformed into a pair
10 of PG plane data pieces that represent a left-view and a right
view and are alternately transmitted.
[0235]
" The third cropping processing unit 4323 uses 3D meta data
3814 to perform cropping processing on the IG plane data 4305.
15 In this way, the IG plane data 4305 is transformed into a pair
of IG plane data pieces that represent a left-view and a right
view and are alternately transmitted.
[0236]
Figs. 44A and 44B are schematic diagrams showing the
20 cropping processing by each of the first through third cropping
processing units 4321-4323. Figs. 44A and 44B show an example
of cropping processing performed on the PG plane data 4304 by
the second cropping processing unit 4322. First, the second
cropping processing unit 4322 searches among the 3D meta data
25 3814 shown in Figs. 39A and 39B for the table 3901 that is
associated with the PID = 0x1200 of the PG stream. Then, the

second cropping processing unit 4322 searches within the table

3901 for an offset entry 3904 that is currently wvalid, and
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10 top of each extent belonging to the dependent-view streamfile includes
a P picture for the dependent-view stream This P picture, as shown in Fig.
34, is conpressed using the | picture in the base-view streamas a
reference picture. In this case, the 3D playback device can specify the
size of each extent using 15 the entrg%pm nt in the clip mforgatioon file.

Ther ef or@CInhEesSDEprapfdAetdsA e 203t npFi F’ﬁ‘d@ﬁ’e P&ra&?es‘%‘?

alternately read extents of both AV streamfiles di sc 101.
[0262] " %\‘Péﬁ@’@ﬁ@ﬁ?dC?’Hé?h%quf_ﬂléﬁ‘?sdﬁﬁé ?’F%b“a%kz edﬁ't EGSG?RC}\LA"’I?Fg 49 is

o oups HoreRd T £ “%%S&@E&% Ta A TS B g 240t S S8 111 e,
and a degé gﬁg (areanﬁ(”é AV stream f.i |l e .corr es| ond to r%three
thes of “AP f?t slrk OEZEB:Z@I% ineaign 2‘71 TSREWT S MCOFi g. 49,
Elt PRt e i, r%fs45@p2 Vi Piirw'*ialy e UK TN O oam
gt vi iR ?gé}éﬁ??e .s%%&%eér EERY N B P shbun fo Bib 848, (S
etc. an%gt bedenthman; tEﬁé%gkgstl%qu@ géfi%aé&fv@' UEﬂE' tsgc%fndextents

D1, D2 etc. relnater Iuralty extents LI, L2, L3, etc.
bel ongi naraggmg ﬁé@&él & s 13 Ehh@té‘rﬁhé iephigdet 8288 416 kovi ew

extents Ity o extents , R3, etc. belonging to the

right-vi enestigam fihg af %He%%rfrs@@ kfalaé 151 GbGaview ext eyiist's amd the
plurality of extents D, D2, D3, etc. bel ongi ng to the depth map stream

filedl gaeares etedeto. asupdepidntp, @tepbsond heop@itg Yreweediont s L1-3,
the right-view extents R1-3, and the depth map extents D1- 3 are alternately

arrangedygfe at2a reMBvebn(&Ehbfs) Nherd Loy e GrL anfedrntBG saGincomatefl each
Al streamfile wth matching playback periods are further included
i ndi vi duaBby thatheftends out of the range of the 2D/left video plane
data 4301 and superimposes the remaining area 4403L on the
2D/left video plane data 4301. On the other hand, if the video
15 plane data on which data is superimposed is the right video plane
data 4302, the second cropping processing unit 4322 shifts the
PG plane data 4304 in a horizontal direction with respect to
the right video plane data 4302 by the number of pixels 4401R
equivalent to the acquired offset value, as shown in Fig. 44B.
20 At that time, if the offset wvalue is positive, the second
cropping processing unit 4322 shifts the PG plane data 4304 to
the left, and if the offset value is negative, it shifts the
data to the right, opposite from the case shown in Fig. 44A.
Subsequently, the second cropping processing unit 4322 removes
25 (crops) an area 4402R of the PG plane data 4304 that extends
out of the range of the right video plane data 4302 and

superimposes the remaining area 4403R on the right video plane

data 4302, as in the case shown in Fig. 44A. The first cropping
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15 consecutive extents, simlar to the arrangenent shown in Fig. 48E. In
particul ar, between these extents, the playback tinmes of the video streans
are equival ent. For exanple, the top left-view extent LI, the top
right-view extent Rl, and the top depth nap extent D1 are arranged
consecutively. The sections 20 of the AV streamfiles included in the

ext ent s PFOCRESIBGIHL Adge Tty PRAFRAER PEPPRHRI PHRFSIFT 8 back
time of the videg streans is equivalent. The same is true for the next
three cohB8&VadsaRIRRe dppa 103 4aQARS FB264CHPRIMhBIACERSERY. 49,
for each three consecutive extents, i.e.,for a conhinati OHEO%,T]a | eft-view
extent, BFFGREANTEF B3 BAPSTERE™S el R BTeceERt i h CRECHPh™HI ayback
peri ods, t{ue ?#h ngenment order is fixed. In particular, extents are

ar r anged®3tar 1 g'with the small est extent. For exanple, the picture RL

i ncl ded[wB%ﬂe top right-view extent is conpressed using the picture

i ncldded in e top left-view extent Li as a reference picture, as shown in
Fig. 34. On the: of he u a i xel i th map,
; k&?l;g% bﬁga%?dt%gﬁ dgﬁg Qéhg&agi‘lz dESE;aB!né !r'els@ﬁgpﬁvr ??

i.e. the nunber pth value, s in-genera e han t he
armount o rh . xel: e pJ el 's‘,{&?él:'i : =Vi.ew
stream %hgﬁiﬁﬁgg#ﬁ%?lﬁw S%Apsag#f%]ﬁ%e% ér.l‘gmatl [ lc@o%ﬁ%?&%%?ﬁghgnd the a

val ue. FYLLBELEDESnAR $Heud NaFhdha 480 hAPrid0 490 ke LhBemaric

depende view stream fi he base-view streamfile 1 ncludes el enentary

streans, §$H§PaRSsRoR! h§Bf e kil 01 SiALAD iHRHGindd N thtt ReePkHBREY Vi deo
stream Therefore, the size of the top right-viewextent RlL, Sext2?2[1l], and

the 19 zeigfmide tOp&ERt Hvamprexirent] s -Saxt 3[akl stwa het lrigenaesal |y
smal l er 15 than the size of the top left-view extent Li, Sendai: S2[i]

<Sext 1[ 1the Seat@lah« Idd [ikl shifieeafl ebetheé rfdige wikh thesgear depthemap
extent D1, the top right-view extent RL, and the top left-view extent Li
are recorded vhdédalandasoliheysaneof Ssetuealoe 4@ mexind hes chvsecutive
extents, D2, R2, and L2. 20[ 0265] Fig. 49 shows the playback path
4901 whearaa2Bspi3aybacktievileétplsyk batktBD HAlqulammgesp2t hepphagback
path 4902 when a 3D pl ayback device plays back 3D video images in L/ R node,
and t he plhpgbavkopeatihodfize whelit av BBl @idrae ¢ dEM: c Aplaayesiddk 2Be3D vi deo
i mages in depth node. [0266] The pl ayback path 4901 for 2D video
i madés t2RvELdes dmbget Ké O4ef ti-\g et Entes | Fovr tdee. PEoplaranglbé2.t he top
| eft-view 133

appears shifted to the right from its original position by the

offset value 4401L. Conversely, in the right view, as shown in

Fig. 45B, the PG plane 4502 is shifted to the left with respect

to the right video plane 4501R by an offset value 4401R, and

20 thus the area 4503R on the right side of the PG plane 4502 appears

superimposed on the right video plane 4501R. As a result, the

2D video image 4504, i.e. subtitles for the PG plane 4502,

appears shifted to the left from its original position by the

offset value 4401R. Consequently, as shown in Fig. 45C, the 3D

25 video image 4504 of the subtitles appears tobe closer to a viewer
4505 than the video plane 4506. Clipping processing is thus used
to create a pair of left-view and right-view plane data pieces

from a single plane data piece. In this way, it is possible to
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extent Li is first read, and imedi ately thereafter reading of the depth
map extent D2 and the right-view extent R2 is skipped by a first junp J2D1.
Next, the second left-view extent L2 is read, and i mredi ately thereafter
reading of the depth map extent 5 D3 and the right-view extent R3 is

ski pped by a second ju 2D2 267] ., The playback path 4902 for 3D
ohaonel Rlad BRCRIR IR L v el et i s AER e Ja % PO eLPs and
‘the right-view extents. For exanple,.the top right-viewextent Rl and the
Lop 107 BPEOGFRRAEXLEREeL! TR BAT Tt Lt bndt S b SHTHIF BerVE Chese
extents @e%d i, Sterée tfhier sto zero s.ecctior traélgi tion.Jol OOﬁC LSi &21268] A
"zero sedtor transition s S Y FVETENt BT he Og?P%éngI% up Bt Ween t wo
extents gggnl ogi cal addresses are 15 consecutive. During a zero sector
transition period, the BD-ROM disc 101 revolves so that the position of the

opti cal %Qggﬁ) is noved fromthe end of the extent that was just read to
the top of thé next extent to be read. During novenent, the optical pickup

t oo . ‘ te 20
emporarily s gﬁéera%qrggegggrhﬁ?ﬁ!ﬁﬁtﬁ ,%,Skﬂgd%}ﬁa%\%‘?%ﬁn% ad @l shole zero

sector transition period may 1nc e perio the error

correcti g godgn{ESQatdaleddtmBdptakypiehlansegachs exhaMid 3 Jra¢And used
to performerror correction, i .e . the F correction tine. The tinme of

the zerotgecipétdi @RTHE08edbd8P_ 4205 a8WAheab 88335, the SEHR & thiiet
par aneters. e
decoder 4203. The graphics data is raster data such as JPEG data
10 or PNG data, and shows a GUI graphics part such as a menu. The
fourth cropping processing unit 4324 performs the cropping
processing on the image plane data 4306 as do the other cropping
processing units 4321-4323. However, unlike the other cropping
processingunits 4321-4323, the fourth cropping processingunit
15 4324 reads the offset value from offset information specified
by a program API 4330 instead of from the 3D meta data 3814.
Here, the program API 4330 is executed by the program execution
unit 4206. In this way, the offset information corresponding
to the depth of the image representing the graphics data is
20 calculated and output to the fourth cropping processing unit
4324,
[0239]
In addition to the above-stated processing, the plane
adder 4210 performs processing to convert an output format of
25 the plane data combined by the four plane adders 4311-4314 into
a format that complies with the 3D display method adopted in

a device such as the display device 103 to which the data is

outputted. If an alternate-frame sequencing method is adopted
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25 of the paraneters expresses the time actually required for the zero
sector transition, and is set as a value equal to or less than, for
exanmpl e, 20 ns, based on the tine to nove the optical pickup and the FCC
correction tinme. However, during a period when extents are read
continuously, the standby tine of the optical pickup during a zero sector
transitibn Grel 4996l EOC O ree@noie t ithe lenfeREdem ¢ 286t RUSRBEE ERBugh to
be negligible, and this paraneter can be taken to be zero. The other

par amet eFUBST3MPRERF REERY AL RIRFFS t3Teene IMaTs % PRE Fieder 9B that,
each tinme a pair of a hase-view extent and -viem/eégent IS

ocoded TR e od HAF AT EIRs 88 AR E LG e (EHE T SR0Rh U922
L0 0ae 1 R Hedied ¥ e BabE R e AatE AT P Bindied hd R g8 %l he
mmp St oRLSBh BN RS EIL RERE 25 ROCIEEERE 1T N o Bhielt SHCO Sand he.
STt | B CE AR 1 £ R bonthblyl o P AR BN e
extent 0y Lacskhmped byt bengerood, b Lol G270 Thocplnypagi,pat

4903 fo eo 1nmages I'n alternately traverses the

| ef t- vi eMef¥EeNtRcande LN deR! B10AR BXLENLhacr 86CXALR SupkhanboRedepth map

extent D irst rea ng of the I mmedi ately subsequent

right-vi ey, gxt e@hblgtlagjrt].l%n%ligﬁ)p%@lebﬁbltaﬂf‘e fh§qdr] W8P0 Egéerimﬁ&tsest Rt Op

left-view extent L d thé second depth map extent are read with the
firsty 25,-26h0 PREEOHIEHRNGLELONPFurk HRet WBBEriAPdsksath G Riullthart

i mredi at el y subsequént right-view extent R2 1s skipped by the second junp
J2. [027&}hta with the left video plane data held in the buffer memory.
In the superimposing, the left and right plane data pieces are
each divided, in a vertical direction, into small rectangular
areas that are long and thin, and the small rectangular areas
15 are arranged alternately in the horizontal direction in one
frame or one field so as to re-constitute the frame or the field.
In this way, the left and right plane data pieces are combined
into one video frame or field, which the plane adder 4210 then
outputs to thé appropriate device.
20 [0240]
<<Configuration of System Target Decoder>>
[0241]
Fig. 46 is a functional block diagram of the system target
decoder 4203. The structural elements shown in Fig. 46 differ
25 from the 2D playback device shown in Fig. 20 in the following
two points: 1) the input channel from the read buffer to the

main video decoder is doubled, and 2) the main video decoder

is a 3D video image decoder that can alternately decode a
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In Fig. 49, as extent groups are constructed in an interleaved arrangenent,
t he pl ayback paths 4902 and 4903 for 3D video i nages can traverse extents
in the order in which they are on the disc 101. Accordingly, simlar to the
case shown in 5 Fig. 47B, the 3D playback device can reduce the junp

di stance suffigiently nore _than the entire length of an AV streamfile in
bot h L/ RP#ABEeVARY H&5aT ABA& CeRPLARRFDY &SV %rﬁa@ R thR Qe Y faddet

extents ose pl ayback ri ods tch are_arranged caonsecuti vel Ther ef or e,
simlar F etﬁ%gea REENBWEP AT e teBC ﬂ?‘-"t‘?fgerg a&%&éﬁl’dew’é@a&m
continuously r of the extents. w thout haV|n execute.a_junp

Gort ng. + ABCY BadrRg ARGy, SO heSarod %e@ﬁ‘fll?)rﬁé?{ef:d)r iPg4 b ee

f h | ayback d 4903. for. 3D vid
ages. sPECREE ROBONStS RACGE DPRCFARE LERGTABr o £ FReat partage i ' 0%

a fireed e Blavere® S ddhdRtus 28 3 Oﬁhﬁéégﬁ%%??vﬁ% B the
base- vi eyt exLe1Ls, DL SPED ISl HEVEEY! S S oW BEERDE encl 1. SRGR

conbi natron o ase-vi ew extent and nt-vi ew ext ose

p| aybacksggugg{lkg? ﬂ@&x&ﬂtst WEPENGERY - YoeW-EXI &My {150 d Q@é’lcfv& g The

buffer capacity o 3D playback devi‘ce can therefore be reduced nore

than i f BBeakeXesSEuMRLmITAe o0kt e chibac B ROM i ipdi da oy

mul ti-layer disc, as shown 25 in Fig. 49, extent groups belonging to a

sequencergte§gﬁbéoe§ eheA¥xpl baamibinl esrcanghexarranged on two recording
| ayers. In this case, since the |layer boundary is set immediately after a

base-o/i eyoexbent, on the next recording |ayer, the subsequent extent group
is arranged in order starting with the dependent-view extent that should be
pl aced at the The Hiret cudrdwbiepscidetddeants 1M tdadRtLhinee Pakeank
periods. In the exanple shown in Fig. 49, a |layer boundary LB is set

i medi at ékpmbthét eirsherdad tbwf Por eaenf £ cleam Th davkatextinadoniedl ng

| ayer, the subsequent extent group is arranged in order starting with the
fourt h dépttherspuexeapacldts Asiral teasubiniterchd&@Sppagibatk twaths ioGd, 4902,
and 4903, the junp Jrx to skip the |ayer boundary LB is not distinguished
from t hePZBr §id¢etrort 613 .t rErsi s¢onrd Joburde2 depacketigerf déh eastsher
junps LT2D1, J22, etc . , Juzl, Jr_a2, etc . , and JLD1, J2, etc. Unlike

t he 16t hesopmﬁspaﬁbﬂé@eﬁromhéhpu@ﬁqqmée THegd thvéﬁqmﬁm%o ifetahaufEed as
bei ng |l onger than the value associated with the junp distance as per the
regul at | BACKRE®N1PA1RAGA 21 Bhet RRUrFRePRekreSHi t PG ngrdasetss de B 350

ms. [0273]
packets to the second PID filter 4614. Each of the source

depacketizers 4611 and 4612 further adjusts the time of
transferring the TS packets, in accordance with the ATS of the
20 source packets. This adjustment is made in the same manner as
made by the source depacketizer 2010 shown in Fig. 20. Thus,
the detailed explanation of the adjustment provided for Fig.
20 is incorporated in the following by reference.
[0243]
25 The first PID filter 4613 compares the PIDs of the TS
packets received from the first source depacketizer 4611 with
the PIDs previously designated by the playback control unit 4207.

When two PIDs match, the first PID filter 4613 transfers the
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"Interrupt Playback” [0274] Fig. 50 is a schematic diagramshowng (i) the
entry points 20 set for a conbination Dn, Rn, and Ln of the nth extent
anong the interleaved arrangenent shown in Fig. 49 and (ii) the playback
path during interrupt playback. As shovvn in Fig 50, four entry points are

set in each of the extents Dn, Simlar to the entry p0|nts
shown i nCRFEESRINAIRG ThPAFKSSi H‘t’stl”QESTle 1t)hé6@9<t dit® SSTONRREYaNdIeR | ocat ed
at the s osition when counted fromtheir res ectlve t gps have the sane

PTS. For§%§8 Fe, tlﬁ%quDﬁ@cP&ert'hEh?oBGe‘?ﬁ??d%i %Iﬁ\i&ill%dteﬁé’ TgRE- vi ew
o - vi cHPEASTHGATY GHELOHSEIEST GIF FhE SCaRacoHSgE pRiRTEPka 1hn the
CEPLS 0 GRREREERY, PR FRs BRb!T %9%6%2%%%%88%%5?8? BBy SRGRE BRL4 Y pos of
pl ayl%ath?%éh% (s)o%h%ndrssgéagc}%%'%%n f%nc%’% cgo%%omvmceﬁ\ g %ptsogl %gback of

3D video es Ts perfor entry poi nt

1 ot vi SePEXEER=RR 4 RO GOBEE] Sty BB ShIf BN T (0

f t pl . e
eLIZmpRﬁﬁ‘?ﬁ‘%@?&ﬂ gl%%ﬂe a pUnpg ﬂ&@ﬁgqg][ %tlﬁre olmeg,ag ends ofy dghe kight - vi ew

ent'ry point f-view extent la.

Subsequegtbynathe- (riév?t Pt aybacks pat h g@@réf%e&%ﬁcﬁdé@s | &y 3‘“ gyeext ent
Ln starting fromthe third entry point”™ EPL3 t he ot her han 15 the

second phaybagknpalewiiZ-dHOC edS , CORYI vHOUD Y1 by omst o1 Bpsh i, ithe

right-view extent Rn to the top of the |eft-view extent Ln and further

progeedssateng the diefte iy xt-ank fersWhBots ©Badkd®s mﬂ/;ﬁ_rt,o e source
packets included fromthe top entry point EPL1 through the third entry

poi nt EPEB(kh thesl eft tMeewn20iasbeabcblear @sdescarded w t hout bei ng
decoded. [0276] One of the two playback paths 5001 and 5002 is
chosen agofeklows. First, the junp distance of the junp JEP, i.e. the
nunber of sectors fromthe top entry point EPL1 to the third 25 entry point
EPL3 in the | eAs-sheawm edxt e1dig.LAS,| sheabR w aled dearddhe 6rf riypciapie3823 in
the base-viewclip information file 3801 shown in Fig. 38A. Next, according
to the ragUBali oh6@hovan iMB F1)g.4600R, tdre FRIGD t4608 TiauB @& dd08spandi ng to

t he jurrp di st ance
MB(2) 4609, an EB(2) 4610, a buffer switch 4606, a compressed

video decoder 4604, a DPB 4605, and a picture switch 4607. The
TB(1l) 4601, the MB(1) 4602, the EB(1l) 4603, the TR(2) 4608, the
MB(2) 4609, the EB(2) 4610 and the DPB 4605 are all buffer
memories, each of which uses an area of the memory elements
20 included in the 3D video decoder 4615. Note that some or all
of these buffer memories may be separated on different memory
elements.
[0245]
The TB(l1) 4601 receives TS packets that include a
25 base-view stream from the first PID filter 4613, and stores the
TS packets as they are. The MB(l) 4602 stores PES packets
reconstructed from the TS packets stored in the TB(1l) 4601. The

TS headers of the TS packets are removed at this point. The EB(1)
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138 is determrned to be the maximum junp time for the junp JEP . On the

ot her hand, the tine Treaa-Ep required for the BD-ROM drive 4201 to read
the left-view extent Ln fromthe top entry point EPL1 through the third
entry point EPL3 and transfer data to 5 the first read buffer 4221 is
calculated by multiplying the data transfer_ rate fromthe BD-ROM drive 4201
to the f#P8R P¥RHABLS fRRd 49PATey IHPOIFDMELIRNEGIRES WiiHser fePMsEbeor s.
Next, this tinme Tr"d-EP is conmpared with the junp time Tjml_Ep. Wen

Tr ead- EpPES BRGKeEF sHawred| Rap-itr MB (. 4G%hd-TE PEf hedget® ofhéRet he
first 10 _playback path 5001 is selected. Conversely, when Tread-Ep is

| onger t A% ?%E%Eﬁp?r? rgmoyeHeRtt AB1SeBBARTr ead- EP > Tj unp- EP pl ayback
pat h 500% ) is:)el ected. In this way, decoding of the range fromthe top
entry poi Re4&PL1 through the third entry point EPL3 in the |eft-view extent

ol ayBack. "the T bre] 57080 Minise s, Sadndinsr pFafla HEEK hn e
reduced. al2dlac view SPRLANTAN Ynd@l&ola Phaybesk Brogess, Syphem in 3D
stores the TS packets as they are. The MB(2) 4609 stores PES
packets reconstructed from the TS packets stored in the TB(2)
4608. The TS headers of the TS packets are removed at this point.
10 The EB(2) 4610 extracts and stores encoded video access units
from the PES packets stored in the MB(2) 4609. The PES headers
of the PES packets are removed at this point.
[0247] |
The buffer switch 4606 transfers the video access units
15 stored in the EB(1l) 4603 and the EB(2) 4610 to the compressed
video decoder 4604 at the times of the DTSs indicated by the
original TS packets. Here, as shown in Figs. 35A and 35B, the
DTSs for a pair of pictures belonging to the same 3D video image
access unit in the base-view stream 3501 and the dependent-view
20 stream 3502 are equivalent. Accordingly, from among the pairs
of video access units with equivalent DTSs stored by the EB (1)
4603 and the EB(2) 4610, the buffer switch 4606 first sends a
pair stored in the EB(1l) 4603 to the compressed video decoder
4604. Additionally, the buffer switch 4606 may receive the
25 decode switch information 3601, included in the corresponding
video access unit 3600 shown in Fig. 36, back from the compressed
video decoder 4604 . If this is the case, the buffer switch 4606

can determine if it should first transfer the next video access
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20[ 0278]. Here, as an assunption for the follow ng explanation, the data
transfer rate of the playback process systemin the 3D pl ayback device is
‘defined. Fig. 51 is a schematic di agram show ng the playback process system
in the 3D playback system 25 shown in Fig. 42. This playback process system
converts the base-view streamfile and the depen%g}ﬂ - Vi ew ?lt reamfile read
by the BHROWUTEE FBILi M B8N Fah® fiy )d404 OBY A ELERE 98F39%D. As
shown in Fig. 51, _the BD-ROM drive 4201 alternately reads both AV stream
files i ns‘t‘ﬁh‘g?]% HREQEPRhtSMantSt ores themalternately in the first read
buf f er 4§€%4%{]d t he second read buffer 4222 at a rate Rua-3D (bits/second)
. This r d-3Dis referred to as the "3D video inmage read rate."” The 3D
video inmage 5 read rate Rud.3D.i.s, for a 7 s. The s t ar get
decoder 4203 r'@é SCS‘BBF%ESSQCF{%F%% rdgr%cat%%ﬁ%@s %ee%@cfp Suf?%?hé;?gg]t a mean
transfer f .Re i C ) Thi - t sfer f
Rext -3I5’1C|E§é§%19‘1 &ﬁeé%%%égg&?%é?ﬁ%& ?ﬂ%i%%g%aﬁggggﬂﬁa%@ ég‘lth%@f;gﬁg -Vvi ew
transfer u i [ 1 g3ch he
ot mum SATLE Rt T0°r P Racp Bt oP el Erherer e At e Raer L B58oTS"
equi val | B ; f [ Sk eam
file. O]eg%ﬂ%(go%%%é&ﬁgn%é,é?ﬁgégst em%%%:&(%%é{g? %Eg%hge%ggbggaﬁge
packets thathd Reluesng 886hheN ofg amMpirghty, viieia st raaMbul ¢ciy e the second
read buffer 15 4222 at a first mean transfer rate Rext2 (bits/second) and
reads sogsapre3sket pithateknebHeginege6hi ROk iBE deptBsmapist ream file at
a second nean transfer rate Rexu3 (bits/second) . The first nmean transfer
r at @ gRexh@cbsdiafald eHetdr wsart BetHibghe- vitewcbmphskteedraidsd dapddelre second
mean transfer rate Rext3 is 20 referred to as the "depth map transfer
rate." Botb4tfansher twatirestdiexttheatidcBaxtiSpaceugeneradnel witftfeerddiecf or each
extent. The maxi num value R- max2 of the right-view transfer rate Reny is

' frames or fields, to the DPB 4605.

[02409]
The DPB 4605 temporarily holds the decoded pictures. The
15 compressed video decoder 4604 refers to the decoded pictures
held by the DPB 4605 to decode the P pictures and the B pictures.
The DPB 4605 further transfers each of the pictures to the
picture switch 4607 at the time of the PTS of the original TS
packet.
20 [0250]

The picture switch 4607 writes the picture transferred
from the compressed video decoder 4604 to either the 2D/left
video plane memory 4620 or the right video plane memory 4621.
When the picture belongs to the 2D/left-view stream, the picture’

25 switch 4607 writes the picture to the 2D/left video plane memory
4620, and when it belongs to the right-view stream, the picture
switch 4607 writes it to the right video plane memory 4621.

[0251]
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equivalent to 192/188 tines the systemrate for the right-view streamfile,
and the maxi num val ue Rmax3 of the depth map transfer 25 rate Rext3 is

equi valent to 192/188 tinmes the systemrate for the depth nmap streamfile.
Note that the systemrate, as shown in Figs. 11 and 38, is recorded in the
clipinformation in the clip information file. Wile the BD-ROM drive 4201

i s reading an<€RVEAFafir oMF¥pedemeert 108 D s6r def tBY prevEsam udderSs | ow i n
the read _buffers 4221 and 4222 caused by the decodi ng process in the system
target dBEPFECEYHEIBDYVAESS F§ESSead rate Rut h3D shoul d be equal to or
greater than _each of the maxi numvalues 5 of the transfer rates, P
--maxl-3[§ol%$§jz | and Rmax3 2. [0279] Equation 2 as in Equation Rud-3D >

Rmax1> R-3D Ru%_e:}sc ,Rna%)l( %xp %h%?:i-onnag'.(g provided for the physical

5 arrangement of AV stream files when recording a pair of AV stream
files representing 3D video images, i.e. a base-view stream file
and a dependent-view stream file, on the BD-ROM disc 101, such
that the arrangement is useful for seamless playback of 3D video
images.

10 [0253]
During 3D video image playback, the 3D playback device
has to process in parallel a base-view stream file and a
dependent-view stream file whose playback periods match. Figs.
47A and 47B are schematic diagrams showing the arrangement on
15 the disc 101 of the extents belonging to both AV stream files.
[0254]
Assume that, as shown in Fig. 47A, the entirety of a
base-view stream file is sequentially recorded on the disc 101
as a single extent 4701, after which the entirety of a
20 dependent-view stream file is sequentially recorded as a single
extent 4702. When the 3D playback device processes the AV stream
files 4701 and 4702 in parallel, the capacity of the buffer
useable for the processing is generally limited. Therefore, as
shown by the arrows (1)-(4) in Fig. 47A, the playback path of
25 the 3D video images proceeds alternately for portions of the
extents 4701 and 4702. As a result, each time the extent to be
read switches, a jump occurs, as shown by the dotted lines in

Fig. 47A. In particular, the jump distance is approximately the
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10[ 0280] The pl ayback process systemin the 3D playback device shown in
Fig. 51 is further assuned to be useable as a pl ayback process systemto

pl ay back 2D video inages fromthe BD-ROM di sc 101. I n playback of 2D video
i mages, the BD-ROM drive 4201 only 15 stores the left-view extents in the
first read buffer 4221 at a rate Ram -2D (bits/second). This rate Rud-20 is
ref er r edS8®@easdst Hee " DEngtlyeef igagfe qrdErs e StrEsd IDLg.dddisnBgkepead rate
2ud-21) is, for exanple, 54 Mips. The systemtarget decoder_ 4203 reads

sour ce pabBkeiSiivehs tiee Fhestead prasaTerfsozpah £V gtrgan Dole Ranshér rate
Rext 1-20_(bits/second). This nean transfer_rate Rext1l-2D is referred to as
the "2D PPaBeMidkige tPdrraR Pt thedecading BEorregeRY FaRFsIRY 1F%Ce

Rext 1-20.i s general I)é different for each %xteﬂtg. The maxi num val ue Rmax1- 2D

of the 2B3P8edoFREGE: t PRASFEMS AfelpeftEiapuls EQUEPERERt CCET18¥A188 ti nes

t he ssystemz rate f0£ tp_e 2D/l eft-view streamfile. Wiile the BD-ROM dri ve
seamless playback.

[0255]

In Embodiment 1, as shown in Fig. 47B, the extents for
both AV stream £iles are recorded in an interleaved arrangement.
Specifically, one base-view stream file is divided into a

10 plurality of extents 4701A, 4701B, etc., and one dependent-view
stream file is divided into a plurality of extents 47027, 4702B,
etc. Furthermore, the extents for both AV stream files are
arranged alternately on the disc 101. In this case, as shown
by the arrows (1)-(4) in Fig. 47B, the playback path for the

15 3D video images proceeds in order starting with extents 47014,
4701B, 4702A, 4702B, etc. In this way, the 3D playback device
does not have to jump the entirety of the AV stream file and
can read both AV stream files alternately in units of extents.
This is useful for seamless playback of 3D video images.

20 [0256]

<<Playback Time for Each Extents>>
[0257]

The playback time for the video stream for each extent
fulfills the conditions described below. Figs. 48A and 48B are

25 schematic diagrams showing the relationship between this
playback time and the playback path.

[0258]

Assume that, as shown in Fig. 48A, an extent 4801 for the
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4201 is reading an extent fromthe disc 101, in order to prevent underfl ow
inthe first read buffer 4221 caused by the decoding process in the system
target decoder, the 2D video inage read rate Rud_ 2D shoul d be hi gher than
t he maxi num val ue of the transfer rate, Rmax1l 2D, as in Equation 3. [0281]

S Equation 3 td-2D>Rmax1-2D [ 0282] "Conditi ons on Arrangenent of
Left-vi RAERt BHEY si-‘celtﬁﬂm gdlpandaantesenb s di2Eer Ak FEPRNAEDFOYESY

As shown in Fig. in the playback path 4901 for 2D _video inages, junps
J2D1, Jzaéreaﬂlcfll%ééarcqm‘ﬂw ?henpéazha%ctowﬁ RE HeRASE-THEY

dependent view extents D2 On _t he ot her _hand,

d
t r ansf er SFFBAMt RBCLPHEE FEaHhﬁuFFE?nES4§921lFofPHE §§§989§vaﬁﬁgt%h§coder

4203 Al di_ngl t he 2D pl ayback. d t m I

ol ay backLBEPOFHes inots. LiF SHRTSH: e%vaﬁfé‘ ?é‘i‘%aeagiwéaﬁd‘fai%%e =
accu Iateg % Q% i.rst read buf erH4221 n q%dln of ex%e

t hat und&FFFBW Wl Flﬁﬁ YL UPEFRE he i Fet A ef T %329 due to data

transfer,_to the?%e? ggg%gé et19§&c§%£ é?%£?$1 %ﬁghﬁ e%%t %

as
suspendeH Fn'’ S explaihe erence t he

si ze of @% aﬁl e‘éh?‘(y S %”éoscﬁk gy Baé éﬁﬁé%fe&&'é td ‘% tvjl%ws'ze of
ad Sut fé

t he smal ent ase- V|em/exte shoul d be

smal | er EE?Q?L& A%ékﬁyﬂ?hymtg'éé@r%ﬁlzé%]b@ﬂer %%ﬂa%lacﬁ&a%ﬁhow ng

the change of the accunu
the 3D playback device, it is preferable that the 3D video image

10' playback path proceed alternately betweeﬁ the extents 4801 and
4802 for each AV stream file for the same playback time, for
example one second, as shown by the arrow 4810 in Fig. 48A.
However, in that case, as shown by the dotted line in Fig. 48A,
-a jump occurs during the reading of the extent 4801, whose video

15 stream has a long playback time.

[0259]

In Embodiment 1, as shown in Fig. 48A, the sections of
each AV stream file with matching playback periods are included
in a pair of consecutive extents. In particular, the playback

20 times of the video streams are equivalent between these extents.
Specifically, the playback time of the video streams in the top
extent 4801A in the base-view stream file and the top extent
4802A in the dependent-view stream file are both equivalent to
one second, and the playback time of the video stream in the

25 second extent in each AV stream file, 4801B and 4802B, are both
equivalent to 0.7 seconds. The 3D video image playback path
arranged in this way, as shown by the arrow 4820 in Fig. 48B,

proceeds in order starting with the extents 4801A, 4802A, 4801B,
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data amount D1 in the first read buffer 4221 when the 2D pl ayback device

pl ays back 2D video images fromthe extent groups shown in Fig. 49. First,
the top left-view extent LI is read fromthe BD-ROM di sc 101 and output to
the first read buffer 4221. During 5 the read period PR2D1, as shown by the
arrow 5201 in Fig. 52, the accunul ated data DAl_increases at a rate

equi val efBORB. t ¢leC diFUhaITonsot Wee i WRe O BT F d&F 1R ddS €888 ORud- 2n
and the 2D video inmage transfer rate Pt [1% | or Rud-2D Rext1-2D Eé] When
the end BFYiHetREFHtEmMts, BGFektenelyy e Bﬁa@?%ﬂeyéﬁf GEEarFse 10

During the ju eriod PJ2D1, reading of .the twg extents, D2 and

posi ti on@ﬁtﬁﬂggo‘?%ﬁﬂr}}l%ﬁjéf thljfg‘%pg?léﬁpgiae‘w X et "@Pl?sl%klﬁsgﬁl&, and

t hus readi ng of gata fionbth BQ— di.sc 101 stops. Accordingly, during

t he junp™pér Poad"PIP1P-8% §ﬁ§wﬁ’ bgglwﬁéd&f’r oW*8562 in Fig. 52, the
accuqﬁla&gg ggta amount DAl decreases at 15 the 2D video i mage transfer
rate Ra +xf1°5D [11 [0285] Here, during the read period PR2D1, the

accunul at ed datagigpgpésigotgg E%%fﬁdésagnbgﬂée?gﬁzgéte£t§> the size Sextl

[1] of the top™ - VI éw extent 'S assune be equi valent to the 20
dat a anmougt Eﬁansferred fromthe first read buffer 4221 to the system
t ar get decoger 4203 between this read period PR2D1 and the junp period

PJ2D1. I'n thisprasg, %% Showne e b g:el%qif}{gf ther RO Afe ey WIRRGS | od

PJ2D1, the accunul at'ed data anount DAl on alls to the value it was at

the startiof the1h8ad REriosh BuPRRh Ald addle idiicl2dh, meadichg of the

next left-view extent L2 begins. During the correspondi ng read period

PR2ZGZ) asophoieddh theeakroa S288ng tdithe @épehbentceuau sttashlatia saanount
DAl once again rises at a rate equivalent to the difference in data 143

transfer ihat @8esRaut R [Fo2nch] depkBd8ht-view stréhe.albue- gescri bed
change of the accunul ated data anount DAL is not |[imted to the top two
|l ef t-vi epiextuest sadishanch LA, Fig. 34, is compressed using the I picture
in the base-view stream as a reference picture. In this case,
the 3D playback device can specify the size of each extent using
15 the entry point in the clip information file. Therefore, the
3D playback device can simplify the processing to alternately
read extents of both AV stream files from the BD-ROM disc 101.
[0262]
<<Arrangement Order of Extents and Playback Path>>
20 [0263]
Fig. 49 is a schematic diagram showing the position on
a BD-ROM disc of the extent groups belonging to a 2D/left-view
stream file, a right-view stream file, and a depth map stream
file. The AV stream files correspond to the three types of AV
25 stream files 245A-245C shown in Fig. 2. As shown in Fig. 49,
these groups of extents are recorded in an interleaved

arrangement similar to the arrangement shown in Fig. 47B.

Specifically, the 2D/left-view stream file is first divided
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5 but is also simlar when playing back 2D video i mages fromthe nth and
(n+l) th left-view extents Ln and L (n+l) (an integer n is equal to or
greater than two) . Accordingly, in order to play back 2D vi deo i nages
seam essly fromthese two |left-view extents Ln and L (n+l) regardl ess of
the junp between them the followng 10 two conditions_should be fulfilled,
as in thetntase Bhevwml ity @y exEnts ddt,, Lizhe IS z€tSaxt Ith]-’lahtt‘HéeWth

| eft-view extent Ln should be at Ieast equivalent to the size of _the

smal | estS*é;z@émthe%@rJ@sééalé?dth@t@uagm-%é&&téf gé FFtELRFon RE- 6287] 15

Equati on 4 Si[n] _CEIL [0288] | |"ext1- 2 ]

Rud- 2D RekE 1 3 the depth nigp E&E&Fr“o%l JtSh lvﬂlgﬁdtjr%oﬁéﬁﬁrﬁrgﬁ [Z-P{]

expressesthelenth of theh erlodfrom he e gleft Vi ew
t

extenéI 2@Thr°rxf:§ntt e op T4~ f) ﬁ?qeéfr’taf\}:leéﬂm ee?f ’ﬁr"(lﬂi
par arfet eFE! f LT %'nﬁfh %ﬁ%‘rﬁhgb‘qﬁ‘}e‘g P PR e %Jfﬁ% rst

t
P?Ef’mfh? 5 éla%s‘ieaiﬁeﬁresee KBnpene B s RE R e R fot (T 3’@%‘ enl(fEtE:lsto
the top g EQEE E t | SEE LS ﬁr‘?é}l_o'[-t{nl%r gﬁﬁ—%éwté‘@r% ‘ite' on

shown |n e seéc'ond par ane epresents eit ) t he

layer S%Eghfé'ﬁe{*fg& ’tc5 & "§§%h%5—v1¥b4extents, " and the plurality of

extents D1, D2, D3, etc. belonging to the depth map stream file
10 are referred to as "depth map extents." The left-view extents
L1-3, the right-view extents R1-3, arid the depth map extents
D1-3 are alternately arranged one at a time. In this interleaved
arrangement, sections of each AV stream file with matching
playback periods are further included individually in three
15 consecutive extents, similar to the arrangement shown in Fig.
48B. In particular, between these extents, the playback times
of the video streams are equivalent. For example, the top
left-view extent L1, the top right-view extent R1l, and the top
depth map extent D1 are arranged consecutively. The sections
20 of the AV stream files included in the extents L1, R1l, and D1
have matching playback periods, and the playback time of the
video streams is equivalent. The same is true for the next three
consecutive extents, L2, R2, and D2.
[0264]
25 As shown in Fig. 49, for each three consecutive extents,
i.e. for a combination of a left-view extent, a right-view
extent, and a depth map extent with matching playback periods,

the arrangement order is fixed. In particular, extents are
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when there is a | ayer boundary LB between the nth left-view extent Ln and
the (n+tl)th left-view extent L(n+l1) or (ii) zero, when there is no |ayer
boundary LB therebetween. [0289] 5Next, the gap between the nth and the
(n+l) th left-view extents Ln and L(n+1) should be snaller than the maxi num
junmp distance. The maxi mum junp di stance i-s equival ent to the val ue

associ at a¥rangrdt AearbEpIt vheL Tike SwED Iegt &KXt + Fon &F@matlicon t¥¥%own in
Fig. 24. 10[0290] "Conditions on Arrangenent of Extents Required for
Sean essP3APtVreddl ANgipKiad iR TR IAIELIRE2TIEVARX ERBIWES FOBPFESEASA t he

pl ayback path 4902 for 3D video_15 inaqfs inlig%nnde alternatgly r eads

ri ght - vi 8%18%t ERESPRICURS  1REEUASH LT 7S iRy S lentEV |SxySnt gile as

ho5er O 10, g sUbibe S0 SXLED! L3 BELD LSS TLp, o0, OBl bt
e 3 Y psghRall 07 TR dhgh A SHinctoRl LT D GRS
! T chreT B B R 22h ST pd et gl fecoder

o oy beckg3Rth e miee eemleogtyys Sligbanipamuns al daa aloul ¢ be
so that undecf | guel LhoalnfEcUbe fithe dJread bulhiehin 422k Al 42a2 due to

data transfer to the systemtarget der 4203 ile reading of extents is

suspendeg; ,L02dltne o var il 0Furiiemif AUIAIGHALL ALY SHOWANG the

change of the accunul ate at a anounts n re ers 4221

and 4222, phieR ! hee3Bepeanhackvdey &2 rRhay ¥iack t3a \HaARO vihges ddun/ R node
fromthe extent groups shown in Fig. 49. For conveni ence of explanation, it

i s assumed 1thatcii@ed¢ EQBheraW RS aBdchefd avemet a0ls ohaveezal r eady
been read into the read buffers 4221 and 4222 fromthe top pair of extents

R and Lin adaidebnt Beotpd phemd Ay 1)iddo peiredt. extiers SofE n-the anickd (n- 1)
. 10 It is also assuned that the integer n is sufficiently |arger than one.
In this e&sehet bepaciglttaiew aatentamiuntsRAL]landnBARhensihe ofachduffers
4221 and 4222 are already naintai ned above the lower |imts CL]. and UL2
respect i celpy dephdsmaporrtehtnbls Sl.d; Bnd, W2 dreth eferewdl 1y ssather " buf f er

margi n anmount . "

15 than the size of the top left-view extent L1, Sexei[1]: Sextz[1]
<Sext1 [1], Sexts[11<Sext1[1]. Therefore, in Fig. 49, the top depth
map extent D1, the top right-view extent R1, and the top
left-view extent L1 are recorded in that order. The same is true
for the next three consecutive extents, D2, R2, and L2.

20 [0265]

Fig. 49 shows the playback path 4901 when a 2D playback
device plays back 2D video :i.mages‘, the playback path 4902 when
a 3D playback device plays back 3D video images in L/R mode,
and the playback path 4903 when a 3D playback device plays back

25 3D video images in depth mode.

[0266]

The playback path 4901 for 2D video images traverses only

the left-view extents in order. For example, the top left-view
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15 Furthernore, the zero sector transition tinme Tjunp_D is assunmed to be
equi valent to a value that does not include a margin tine, i.e. equivalent
to a defined value that is evaluated only on the time actually required for
a zero sector transition. The nmethod for guaranteeing the buffer margin
amounts tiLl and UL2 20 is described |ater. 510293] | n_accordance wiith the
pl aybackepbent 3801 sshbwpt inead gangztnmedéakehyi Hrered Eivfeie@ftinghofs fir st
read fromthe BD-ROM di sc 101 during the (2n-1) th read period PRI:J-1 and
out put t'ehe ersh @éEo??@th%%@zoaﬁfie?h@fﬁﬁhwli%ef‘ﬁénézz%ﬁ-) Bs £kh1PRSH peri od

PRpn, as shown in Fig. 533, the accunmul ated data ampunt DA2 in_the second
read bufP¥ra 49528% s desl atNed{tr'atté“eeq?.ﬁW‘gﬂteqto""iW FER e e LBet ween
the 3D video i mage read ri ght.-view nsfeée%—%te R2

i d the.
(1], or TeRSBReATE ot rat o T ne e Simbch Ay CEPthiD £
] t DAL i h ir. d ff 4221.d h
POV RS Eah LR YT e et ard 5 kB Bl e JRRRT R e |

right-vi ﬁ@égﬁ]ent Rn is read, the nth zero sector transition Jon occurs
During t zero sector transition period PJon, reading of data fromthe

BD- ROM d s¢ 100, d S, HpRendatl e i IIE] U8 418, ARGITHA 0 sdatgpapanl DAL 10

in the first decreases at the Teft-view transfer rate

e A0 T Sy U LRl 1 AT R4 U prghend e

extents. For example, the top right-view extent Rl and the top

10 left-view extent L1 are first read successively. Between these

extents R1 and L1, the first zero sector transition Jy1 occurs.
[0268]

A "zero sector transition" is a movement of the optical

pickup between two extents whose logical addresses are

15 consecutive. During a zero sector transition period, the BD-ROM

disc 101 revolves so that the position of the optical pickup

is moved from the end of the extent that was just read to the

top of the next extent to be read. During movement, the optical

pickup temporarily stops reading and is placed on standby. Note

20 that the zero sector transition period may include the period

in which the error correction code (ECC) that immediately

follows each extent is read and used to perform error correction,

i.e. the ECC correction time. The time of the zero sector

transition Tyump-o 18 evaluated as the sum of two parameters. One

25 of the parameters expresses the time actually required for the

zero sector transition, and is set as a value equal to or less

than, for example, 20 ms, based on the time to move the optical

pickup and the ECC correction time. However, during a period
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[0295] 15At the point the nth zero sector transition period PJon ends, the
2nth read period PRLn begins. During the 2nth read period PRin, the nth

| eft-view extent Ln is read fromthe BD-ROM di sc 101 and output to the
first read buffer 4221. Accordingly, as shown in Fig. 53A the accunul ated
data amount DALl in the first 20 read buffer 4221 increases at a rate

equi val eviteR cexhenes f 25¢ efe@dhePRetRUPHELBD VhecotARERE FéBE PhAt EhRud _31)
and the left-view transfer rate Rextl 31,[n], or Rud-3D Rext1l-3D L

Conver sePRt1gal sRdGRUPNARFENI5 88 Zatee SRELAN| HERF Hat el #RdnED %AE fn the
second read buffer 4222 decreases _at the right-view 25 trans Tte Rext 2
In] [o02¥@frection t\?ﬂ\@naﬂffh@eélﬁafa&flift%t#ﬂsﬁogf&f?n%%weﬂ%ﬂﬁg nIt-8 fead, the

junp JuRn occurs EUrln the j.u eriod PJLan, adl of the 147 depth
map. ext GRS BEHELPFBEREES FRTH SREEP BP (85 ZERR 1 X PEAFRREERT Ln is

Ki d, h di f d f di 10 ded.
SkIoRed ang Ihus kel o of e Lo e SR s 1011 apppence

| at t t 5 DAl the.first d f
e g g gt DAL LR L e Lo g sescgsags =

A e A R s 5l ) e A

ri ght-viéwtrans € R -

amount. 'ﬂgﬁfﬁré%%&d exg%:{w?ksgeééé?%ldﬁdﬁmﬁ hﬁeeam;)réghf&ﬁsﬂg ek od

PRRn, i.%e e size vi ewextent™ Rn, 1S at | east

equivalqﬂgrggntggmgaggea Hot gbgangterred fromthe second read buffer 4222
to the systemtarget decoder 4203 fromthe (2n-1) th read period PRRn 15

thrquygh {Hgspynp period PILRn. Accordingly, at the end of the junp period
JLan, as shown in Fig. 53B, the accumul ated data anount DA2 in the second

read buffer 4232:daas Rela ba Enhbel o 1idre: sacaneéxehter ms gidndmetat UL2.

first Jjump Jigl occurs, and reading of the immediately
subsequent depth map extent D2 is skipped. Next, the second
right-view extent R2 and the second left-view extent L2 are read

15 with the second zero sector transition Jo2 in between.
Furthermore, reading of the second depth map extent D3 is
skipped by the second jump Jr2.
[0270]

The playback path 4903 for 3D video images in depth mode

20 alternately traverses the left-view extenté and the depth map
extents. For example, the top depth map extent D1 is first read,
and reading of the immediately subsequent right-view extent Rl
is skipped by the first jump Jipl. Next, the top left-view extent
L1l and the second depth map extent D2 are read with the first

25 zero sector transition Jyl1 in between, and reading of the
immediately subsequent right-view extent R2 is skipped by the
second jump Jip2.

[0271]
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[ 0298] 20At the point the junp period PO Rnends, the (2n+l)th read period
PRR (n+1) begins. During the (2n+l) thread period PRR (n+l) , the (n+l)th
right-view extent R(n+l) is read fromthe BD-ROM di sc 101 and output to the
second read buffer 4222. Accordingly, as shown in Fig. 53B, the accumul at ed

data amount DA2 in the 25 second read buffer 4222 increases at, a rate
equi val ent to theFdPrf hBncBShEREST (FeWRP vRd80 SMRIEULESR r it e@Ruci - 31)

and Lhe KLl v o ianclen 1 ate Fealutl, o Posdinioamatl
(1158 5538 PS4z, sonti ues 1o Seerdee ot e Lo! ot pster rate
55 oot b L ozene SECLorLianet Can . (0Ll orEu S B0 L1
oD RQM dss, 1991 s suspeadety Thetglore chhe-ascndal ot gt 0N i

the firs €creases at Vi éw t er

Re, mL. 3 ; a t it r ead
but o7 4332 EhgaRAE dondPe PEEMT Tl Shedd e 1A o A R R P00,
The accuiul gbed Al faPunl dbptfitddd Strhead-Ruier 142814 durd Retpe 2nth
read period PRLn, | .e. the size Sexti [n] of the I5 n extent Ln, is at

| east equiyakents 3 i dafiAmosd i apsher{88sf harrhha b strarrrd buf fer
4221 to tkg) systemtarget decoder 4%03 fr%mtheSZnth reaél: pgr irgd PRLN

through theseaht)itB17ermhseotdre t EaRsh bt PREIELIRoWA YR Fighase,di ngly,
at the end of the (n+l) th zero sector transition period PJO(n+l) , as

showp 20the b pla83FAck Bevasewan abed italoasaRousid AL b tie kdidesits ead
buffer 4221 does not fall below the first buffer margin amount UL1 .
' without having to execute a Jjump during the reading.
Additionally, as the arrangement order for the three
consecutive extents is fixed, the playback paths 4902 and 4903
for 3D video images are both constructed via repetition of a
15 fixed pattern. Therefore, in both L/R mode and depth mode, the
3D playback device can, in a fixed pattern, make repeated
requests of the BD-ROM drive to read the base-view extents and
dependent-view extents. Furthermore, in each combination of a
base-view extent and a dependent-view extent whose playback
20 periods match, the dependent-view extent is read first. The
buffer capacity of the 3D playback device can therefore be
reduced more than if the reverse were true.
[0272]
When the BD-ROM disc 101 is a multi-layer disc, as shown
25 in Fig. 49, extent groups belonging to a sequence of sections
of AV stream files can be arranged on two recording layers. In
this case, since the layer boundary is set immediately after

a base-view extent, on the next recording layer, the subsequent
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[0301] At the point the (n+l)th zero sector transition period 25 PJO(n+1)
ends, the (2n+2)th read period PRL(n+1) begins. During the (2n+2)th read
period PRL(n+1), the (n+l)th left-view extent L(n+l) is read fromthe

BD- ROM di sc 101 and output to the first read buffer 4221. Accordingly, as

shown in Fi%. 53A, the ,accumul ated data amount DAl in the first read
buf fer 498¥SPhcr 5S8R atSa PATBTEEH vaPenPTsTt hEtarfiefen¥ethet W@€n the 3D

i deo | d rate Rud:3D the left-yiew.t f te Rextl-3D

[n+11, ORSRARCSBERGIEY SDCERELPat GBRVAFsHry P1aESnaim TR £PE OF 535, he
| ated. data. t DA2 in t. d buffer 4222 i t

Gecr oas e RIECRE CHONOE VP EW T AT S) TR AEE ORI PRFFE PTOSOY b he.

above-descri hange . the accunul at ed data amount s_DAL.and-DA2 is
o o CRERBIE SRS ks S 16 SIS BRuB I TN Snldehy ARALDR2 1S

I . . I . iV T R(n+1
SRt o R i A L e R T S T I
bet j It t f iJdd ; 0303
The 115t CondrTTar T Thatt HEoEPrEe B Rr Aot Br e g o af e o
Ln shoul dphe reguiuabeptnt Rabhexdaha sout 4 ransierred femgihefigst read
buffer 4221 to the systemtarget decoder 4203 fromthe 2nth read period

tPEtnl te Er ?Hﬂhst he 0N+ Wod 2hFes9oseCtRE HLARSIA Ff'o pekigdtRIOGRYL) - Here,
g

h of the 2nth read period pRLn i S equivalent to the sizé Sextl [n]

of the npeyheRtylnugi videchdry whet3Bguiideed Megem egle I rdRegegitioror Sextl
[n] /Rud-3D The length of the (2n+1) th read period PRR (n+l) is

equimal eatraheithensi 28 ,Sexb? ditll o Ehem(thd )otHe2S ukipghtispui, em@xt ent R
(n+l1 ) divided by the 3D video inmage read rate Rud or 5ext2 [n+l1l] /Rua-3D
Accor di ngky,. ,tthel sidgzg2 Sexti. ,[ar}d of,1t, he 0t et ef Unlikw thd ethetjunpsgt | east
equi valent to the snmallest extent size represented by the right-hand side
of Equat howebSer, the jump time for the jump Jwy is evaluated as being
longer than the value associated with the jump distance as per
the regulation shown in Fig. 24 by the time for switching layers,
15 i.e. 350 ms.
[0273]
<<Interrupt Playbacks>>
[0274]
Fig. 50 is a schematic diagram showing (i) the entry points
20 set for a combinationth, Rn, and Ln of the n*® extent among
the interleaved arrangement shown in Fig. 49 and (ii) the
playback path during interrupt playback. As shown in Fig. 50,
four entry points are set in each of the extents Dn, Rn, and
Ln. Similar to the entry points shown in Fig. 41, the entry points
25 in the extents Dn, Rn, and Ln located at the same position when
counted from their respective tops have the same PTS. For

example, the PTS for the top entry point EPR1 in the right-view

extent Rn is equivalent to the PTS for the top entry point EPL1
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[0304] Equation 5 S [n] a[n] aiS, Seia[n +1] [n +1]. X R a n[n]
3D [n]++ T & AD

10

15

20

25

in the left-view extent Ln, and the PTS for the second entry
point EPR2 in the right-view extent Rn is equivalent to the PTS
for the second entry point EPL2 in the left-view extent Ln.
[0275]

Fig. 50 further shows the types of playback paths 5001
and 5002 that can be chosen when interrupt playback of 3D video
images is performed from the third entry point EPR3 in the
right-view extent Rn. Both playback paths 5001 and 5002 first
traverse the right-view extent Rn from the third entry point
EPR3 to the end. In the first playback path 5001, a jump JEP
occurs from the end of the r.ight—view extent Rn to the third
entry point EPL3 of the left-view extent Ln. Subsequently, the
first playback path 5001 traverses the left-view extent Ln
starting from the third entry point EPL3. On the other hand,
the second playback path 5002 proceeds continuously from the
end of the right-viewextent Rn to the top of the left-viewextent
ILn and further proceeds along the left-view extent Ln without
a jump. However, the source packets included from the top entry
point EPL1 through the third entry point EPL3 in the left-view
extent Ln are discarded without being decoded.

[0276]

bne of the two playback paths 5001 and 5002 is chosen as
follows. First, the jump distance of the jump JEP, i.e. the
number of sectors from the top entry point EPL1 to the third
entry point EPL3 in the left-view extent Ln, is calculated from
the entry map 3823 in the base-view clip information file 3801
shown in Fig. 38A. Next, according to the regulation shown in
Fig. 24, the jump time Tjump-zr cCOrresponding to the jump distance
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S an[ n] R"[n] CEIL {x Rud -3D X S a[n +1] T\ jmp_sp[nl+L2+ T jaw
o[n +117) Rud -3D -R1[n] nud-3D [0305] 5The second condition is that
the size Sext2[n] of the nth right-view extent Rn should be at | east
equi valent to the data anmount transferred fromthe second read buffer 4222
to the systemtarget decoder 4203 fromthe (2n-1) th read period PRRn
t hr ough LRCPEFTLAPA e bEed the LR 1R ] UNIh & IMengPl BRe t Henp ZHEEL) Oth
the other hand, the time Tyeag-gp required for the BD-ROM drive
4201 to read the left-view extent Ln from the top entry point
EPL1 through the third entry point EPL3 and transfer data to
5 the first read buffer 4221 is calculated bymultiplying the data
transfer rate from the BD-ROM drive 4201 to the first read buffer
4221 by the above-mentioned number of sectors. Next, this time
Tread-gp 1S compared with the jump time Tjump-gp. When Treag-mp 1S
shorter than Tjump-zp, 1.€. Tread-zr < Tjump-rze, then the first
10 playback path 5001 is seleéted. Conversely, when Tyreag-gp 1S
longer than Tiump-zp, 1i.€. Treaa-zp > Tjump-mp, Cthen the second
playback path 5002 is selected. In this way, decoding of the
range from the top entry point EPL1 through the third entry point
EPL3 in the left-view extent Ln is skipped as quickly as possible.
15 As a result, upon interrupt playback, the time until video
images are actually played back can be reduced.
[0277]

<<Data Transfer Rate of Playback Process System in 3D

Playback Devices>> |
20 [0278]

Here, as an assumption for the following explanation, the
data transfer rate of the playback process system in the 3D
playback device is defined. Fig. 51 is a schematic diagram
showing the playback process system in the 3D playback system

25 .shown in Fig. 42. This playback process system converts the
base-view stream file and the dependent-view stream file read

by the BD-ROM disc 101 into 3D video image data VD and audio

data AD. As shown in Fig. 51, the BD-ROM drive 4201 alternately
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10 read period PRRn is equivalent to the size S2[n] of the nth right-view
extent Rn divided by the 3D video i mage read rate Rud-3D, or Sext2 [h]
/ Rud-3D Accordingly, the size Sen2[n] of the nth right-view extent Rn is
at least equivalent to the smallest extent size represented by the
right-hand side of Equation 6. 15[0306] Equation 6 Sext2 [n] "[n] -1 TS
at, [n] +readenpobh A wiream Rides3Dn Rnl tspinpktEnRexand rt &02} memL
{ Rexu[ n] x_Rt ed-304Jump-o .-F S1".Nerl-1-Tiunmp_mAn] Rtul -3D -R2 [n] Rud-3D
[ 0307] alternately ipnthmy Ut T semdabyfdert A2l uapdt e sEaans 3BES
expresses 20 the length of the junp period PJLRn fromthe end of the nth
| ef t - vi eRMELEENE2RA 85 2hB2EBpRet it HELEFLEPERNE) ghThiSekaERt Bat-3REMF1) in
seconds. re specificall the_ju tinme Tju 3].,[n ,
rg/?erreg to as the ¥'§D vidcjao rJ'T.Ir%age reaé rg%é .]“ '{'h!e 3D video image
5 read rate Ryg.3p is, for example, 72 Mbps. The system target
decoder 4203 reads source packets from the first read buffer
4221 at a mean transfer rate of Rext1.3p (bits/second). This mean
transfer rate of Rext1-3p 18 referred to as the "left-view transfer
rate." The left-view transfer rate Rexei-3p 1S generally different
10 for each extent. The maximum value Rpaxi-3p ©f the left-view
transfer rate Rexti-3p 18 equivalent to 192/188 times the system
rate for the 2D/left-view stream file. On the other hand, the
system target decoder 4203 reads source packets that include
a section of a right-view stream file from the second read buffer
15 4222 at a first mean transfer rate Rex: (bits/second) and reads
source packets that include a section of the depth map stream
file at a secondmean transfer rate Rexes (bits/second) . The first
mean transfer rate Rex: is referred to as the "right-view
transfer rate," and the second mean transfer rate Rexes 18
20 referred to as the "depth map transfer rate." Both transfer
rates Rext> and Rexes are generally different for each extent.
The maximum value Rpaxs Of the right-view transfer rate Rexes is
equivalent to 192/188 times the system rate for the right-view
stream file, and the maximum value Rpax3 of the depth map transfer
25 rate Rexes 1s equivalent to 192/188 times the system rate for
the depth map stream file. Note that the system rate, as shown

in Figs. 11 and 38, is recorded in the clip information in the

clip information file. While the BD-ROM drive 4201 is reading
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is determned by the sumof two paraneters, TJ[n] and TL[n]:
Tjunmp_n[nl.TJ[Nn]+TL[n]. The first paraneter TJ[n] represents the val ue
assigned to the nunber of sectors, i.e. the junp distance, fromthe end of
the nth left-view extent Ln to the 5 top of the (n+l) th right-view extent
R (n+l) as per the regulation shown in Fig. 24. The second paraneter TL[n]
represenBf ekthABE fromttdee |Giyesr 190t ¢hi agdeknee prevedsoungsr idmon ithere i s
a layer boundary LB between the nth |eft-view extent Ln and the (n+l)th
ri ght-vi éWeexeadtb W feug G12Y iand 2a8R3, caneadt h¥rehe denpdigye progassundary
LE t her ebet ween. [0308] "Conditions on Arrangenent of Extents
Requi r ed {Fofh&Eyftess tapaer disr wiehidie BR HGRD iMBge realdasitelBassshown in
Fig. 49, the_playback path 4903 for 3D video inages i n depth node
al t er nat EPPULEaR8 e h tRPegrefteTDERappeaghcol Jike IS WadMeEnt s Li
L2, etc. gccgrdingI% while an extent is being read into one of the two

§ RS g

read buf P&r ENg25% Bovatedyt Bmrsimr &omsr AESdRiat 0 3he bR er. 20
Furthermpre, in the playback path 4903, junps JLR1l, LR2, etc. occur in the
recordigg'areas for the depth map extents D2, D3, etc. On the other hand,
dat a traz;%gg fromthe read buffers 4221 and 4222 to the systemtarget
decoder ﬂs conti nuous.

Equation 2

Rud—3D 2 Rmax1—3D, Rud—3D Z RmaxZ s Rud—3D 2 Rmax3

10 [0280]

The playback process system in the 3D playback device
shown in Fig. 51 is further assumed to be useable as a playback
process system to play back 2D video images from the BD-ROM disc
101. In playback of 2D video images, the BD-ROM drive 4201 only

15 stores the left-view extents in the first read buffer 4221 at
a rate Ryg.op (bits/second). This rate Rug.op 1s referred to as
the "2D video image read rate." The 2D video image read rate
Ruyg-2p 18, for example, 54 Mbps. The system target decoder 4203
reads source packets from the first read buffer 4221 at a mean

20 transfer rate Rexei-op (bits/second). This mean transfer rate
Rexti-2p 18 referred to as the "2D video image transfer rate."
The 2D video image transfer rate Rexti-ap is generally different
for each extent. The maximum value Rpaxi-2p ©f the 2D video image
transfer rate Rexci-2p 18 equivalent to 192/188 times the system

25 rate for the 2D/left-view stream file. While the BD-ROM drive
4201 is reading an extent from the disc 101, in order to prevent

underflow in the first read buffer 4221 caused by the decoding
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Accordingly, in order for the 3D playback device to play back 25 3D vi deo

i mges seanl essly, a sufficient anmount of data should be accunulated in the
read buffers 4221 and 4222 during reading of extents, so that underf |ow
will not occur in the read buffers 4221 and 4222 due to data transfer to
the systemtarget decoder 4203 while reading of extents i s suspended.
[0310] ProcessHpysthesystraBtazagtsdecalergr B2 HoWeRy i'Rgeckafge of the
accunul ated data amounts DAl and DA2 in the read buffers 5 4221 and 4222
when t heT3EF FuaybsQrude\ie Bighay St khemar gt Yahige o5 theitpershitde from

t he extent groups shown in Fig. 49. For conveni ence of explanation, it is
assumed TRLE’ t Rextiept PSred? TRy | ef t - vi ew extents have al ready been
r ead intﬁo%gg read buffers 4221 and 4222 fromthe top pair of extents D1 10
and Li i br through the (n-1) th pair of extents D(n-1) and L(n-1). It
i's ah;o ssuged that the integer nis sufficiently larger than one. In this
case,” t hé¥5gcufilll 3t ed data anpunts DAL and DA2 in the read buffers 4221 and
4222 are al ready nuaintai ned above the buffer margin anmounts UL1 and UL2
respectively. 15 Furthernore, yphe ze?pigector transition time T3w_o0 is
assuned to be equivalent to a wald& thatmedegDnot include a nmargin tine,
i.e. equivalent to a defined value that is evaluated only on the tine
required[ggﬁzgn actual zero sector transition. [0311] 20In accordance wth
t he pl ayback path 5401 shown in Fig. 54C, the rith depth map extent Dn is

first read fromgbeqBb: M dbsc ABlafykhBact her( 2Rzkt -LhegadsReehed PRDn
and output to the

Required for Seamless 2D Video Playbacks>>
10 [0283]

As shown in Fig. 49, in the playback path 4901 for 2D video
images, jumps Jypl, Jp2, etc., occur respectively in each
recording area of the dependent view extents D2, R2, D3, R3,
etc. On the other hand, data transfer from the first read buffer

15 4221 to the system target decoder 4203 is continuous.
Accordingly, for the 2D playback device to seamlessly play back
2D video images, a sufficient amount of data should be
accumulated in the first read buffer 4221 during reading of
extents, so that underflow will not occur in the first read

20 buffer 4221 due to data transfer to the system target decoder
4203 while reading of extents is suspended. In other words, as
explained with reference to Figs. 22-24, the size of each
base-view extent should be at least equivalent to the size of
the smallest extent, and the gap between base-view extents

25 should be smaller than the maximum jump distance.

[0284]

Fig. 52 is a graph showing the change of the accumulated
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second read buffer 4222. During the (2n-1) th read period PRDn, as shown in
Fig. 543, the accunul ated data anmount DA2 in the 25 second read buffer 4222
increases at a rate equivalent to the difference between the 3D vi deo i mage
read rate Ruth3D and the depth map transfer rate Rext3[n], or Rud-3D Rext3
[n] . Conversely, as shown in Fig. 54A, the accunul ated data_anpunt DAl in
“the firdetpamPwil Perinphe figwitessed i foredPel haeiherzheitevPrake
R't1-3D [n-11. [0312] Wen the _end of the nth depth map extent Dn is read,
the 5 ntAeydiRf BIRAYS R 0 DEFEAg IS hiER uRBe porf Rl I3RS FBRHPng of
the right-view extent Rn | ocated imedi ately after the nth 3; th p extent
Dn is skiBpetd- &ic FRHSCr BRF FPPOLCGEE XM tFRE BD: ROM TS e £pe

2 T S IR SRR 28, ™ O

- Vi 13 - wh h i

L ST s B S S T L 20
E 0 i h

ccreacear gl UG JPRLDy TR J FRO°YEECEALES 0 FDLLOMTL Jot ig gl (e

nth junp pério read perio ring the

2nth read. i 1 fdryi .S . gad fron BD- ROM
di sc 1018?5%2%%% Sgﬁbggw{aﬁg ?%?s%ﬁr%%#%m"%ee?ff?f ?gorﬁ |'ﬁ%|a3{a tzta:lglgshown in
Fig. S4Aspthtads kot et dala amupl DAL, bhe LSk [eadi Pyl ile,20 4221
increases at a rate-equival ent to the dif er'ence Detwe&h the 3D vi deo i mage

read ratepnButhpraid tHE il MWkt aneari abgaRex dmpR b bccuds Rud- 3D-
Rexti-n[n]. Conversely, as shown in Fig. 543, the acCunul ated data anount

DAZ jign t Barsagonde r-aash Peklie 8224 ,CcorbEnHESoE arieekeasRtaht s e dept h nap

transfer rate
R2 positioned immediately after the top left-view extent L1 is

skipped, and thus reading of data from the BD-ROM disc 101 stops.

Accordingly, during the jump period PJ,pl, as shown by the arrow

5202 in Fig. 52, the accumulated data amount DAl decreases at
15 the 2D video image transfer rate Rexti-2pll].

[0285]

Here, during the read period PRypl, the accumulated data
amount in the first read buffer 4221, i.e. the size Sext1[1] of
the top left-view extent L1, is assumed to be equivalent to the

20 data amount transferred from the first read buffer 4221 to the
system target decoder 4203 between this read period PRpl and
the jump period PJ,pl. In this case, as shown in Fig. 52, at
the end of the jump period PJ,pl, the accumulated data amount
DAl only falls to the value it was at the start of the read period

25 PRypl. After the jump J,pl, reading of the next left-view extent
L2 begins. During the corresponding read period PR,p2, as shown
by the arrow 5203 in Fig. 52, the accumulated data amount DAl

once again rises at a rate equivalent to the difference in data
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25Rans[n] . [0314] When the end of the nth left-view extent Ln is
read, the nth zero sector transition Jon occurs. During the nth zero sector
transition period PJon, reading of data fromthe BD-ROM disc 101 is
suspended. Therefore, the accunul ated data anmount DAl in the first read

~ buffer 4221 decreases at the left-view transfer rate Rexti-ardni, and the
accunul attd@rFHSF &SGR Bae 25 Rercx-trd Hdecond read buffer 4222 decreases at

t he deptﬁoﬂgp transfer rate Rext3 [n] [0315] The accunul at ed data
anmount lsecond read buffer 4222 duri ng the (2n-1)th read period PRDn,

caui x&hgnf o ffﬁétaﬁ%éd SRRk 1@?%??89&% ?P%?%%ﬂ;@‘@%%%d%%oz%?ﬁ? or 4222
03 2n-.1

E;ﬁréﬁéhs eﬁ%ﬁ%éiﬂgﬁtﬁ%ﬂﬁ% FRRaF PO b i h SIS RGOS & the end

h

acountl ata 45t 3 Sheth rfﬁé%%%‘jlagf#%;?%? %%% h%z@nﬁ% Sfail

- bel ow t hets d _'[,h'_f)ftﬁr gﬁgg{,g gény%hl’en% %11 1‘?‘%1 oirglge%&gdgzh zero

sect or trans |on perio read perio n+1)

begi ns. &h@o %%”g*%é&l?ei»eéﬁjarp‘%ﬁub‘?d EEDCRE1, ,15 hen (bl £8 Septh map
extent D Is read fromthe BD-ROM di sc 101 output to the second
read buf f]&arclézﬁ 21 RCLONSO9 lbande SNV b thieGe BPA 1 lERE view extents
Ln and L (n+1) regardless of the jump between them, the following
10 two conditions should be fulfilled, as in the case shown in Fig.
23. First, the size Se1[n] of the n® left-view extent Ln should
be at least equivalent to the size of the smallest extent
expressed by the right-hand side of Egquation 4.

[0287]

15 Equation 4

Seln) = CEIL [Rex“-w[”] ) T,-umpw[nlj
8 R ap— Rele—gu[n]

[0288]
In Equation 4, the jump time Tjup-20[n] expresses the
length of the jump period from the end of the n*® left-view extent
20 Ln to the top of the (n+l)™ left-view extent L(n+1) in seconds.
The jump time Tjump-2p[n] is determined by the sum of two
parameters, TJ[n] and TL[n]: Tyump-20[n]1=TJ [n]+TL[n] . The first
pafameter TJ [n] represents the value assigned to the number of
sectors, i.e. the jump distance, from the end of the n*left-view
25 extent Ln to the top of the (n+l)™ left-view extent L(n+l) as
per the regulation shown in Fig. 24. The second parameter TL [n]

represents either (i) the layer switching time, i.e. 350 ms,
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accunul ated data anount DAl in the first read buffer 4221 25 continues to
decrease at the left-view transfer rate Rext1-3D [n] . Conversely, as shown
in Fig. 54B, the accunul ated data anmbunt DA2 in the second read buffer 4222
increases at a rate equivalent to the difference between the 3D video i mage
read rate RIId.-3D and the depth map transfer rate Rext3 {n+1] , or
Rud_3D Rwhen[therH is af Deget boundaryiiRbetheeorithoh™t hef { 49w Bxtepth map
extent D (n+l) is read, the (n.+1)th junp JLD (n+l1l) occurs. During the
(n+1) thLpuapdstheriod PLI Leth+1iew exbemhdgl i+ heoy i (GHt)- vicaw exhemt R
(n+l) located immediately after the (n+l) th depth map extent D(n+l1l) is

ski pped, thAget hEsNPeddlAy bBPUBEREYT FBmMthREEBBIRERdi sc 101 i s suspended.
Therefore, during the (n+l ) th junp period PLTLD (n+1) , the accunul ated
data ano&RE8PA1 in the first read buffer 4221 10 decreases at the |eft-view

transfer rate Rexti 3D[n] , and the accunyl ated data a nt DA2 in the
secomd read buql?’é?'@% %i%%r]%%’é‘é%e%tu?‘l’ﬂenmékeﬁpﬁ Fap I(Péﬂg%ehelf&t‘éflﬁé&t3

1] [0318] At th [ h j iod PILD 1 ds, the 15
(2n+2) 1 HoF CHBE Bl VPRI (1) BobiAs LooHIP Y B rERT 2 S (o 4 BeTRod PRL
(n+1) , the én+1) #h | ef .- vi ew extﬁnt L ént’@ ei s.re % fr mt heevB ROM di sc
101 and EIFB P<to Ih% I dHEPLT F EFRAS NS SRS ﬁlél ; 5% i in Fig.

ner casc e auranc i af cRIME 53 pRevantrlr ShESE IR SSHHETB deo

i mage regﬂo ts RFgI 3D,gand the left-view transfer rate Rexti-3D [n-1-1] O
FLud- 3D Rent 1- 3B ngi] Conversely, as shown in Fig. 543, the accunul ated
dat ajh@nDLE6§95)4\2 in the second read buffer 4222 continues to decrease at the
depth map transfer rate Re"t3[n+l] . 25[0319] The accunul at ed data

amount in the [LeshaieadnBUIEraflddgHEnPY otfh%ﬁﬂ%ﬁté eRdgherkqd #f , n,

i.e. the size Sexti [n] of the n extent Ln, is at |east equivalent to the
data anpgBhmless 3D Video Playback in L/R Modes>

[0291]
As shown in Fig. 49, the playback path 4902 for 3D video
15 images in L/R mode alternately reads right-view extents R1, R2,
etc. and left-view extents L1, L2, etc. Accordingly, while an
extent is being read into one of the two read buffers 4221 and
4222, extents are not read into the other buffer. Furthermore,
in the playback path 4902, jumps Jirl, Jiz2, etc. occur in the
20 recording areas for the depth map extents D2, D3, etc. On the
other hand, data transfer from the read buffers 4221 and 4222
to the system target decoder 4203 is continuous. Accordingly,
in order for the 3D playback device to play back 3D video images
seamlessly, a sufficient amount of data should be accumulated
25 in the read buffers 4221 and 4222 during reading of extents,
so that underflow will not occur in the read buffers 4221 and
4222 due to data transfer to the system target decoder 4203 while

reading of extents is suspended.
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transferred fromthe first read buffer 4221 to the systemtarget decoder
4203 fromthe 2nth read period PRLn through the (n+l)th junp period PJLD
(n+l1) . Accordingly, at the end of the (n+l1l) th junp period PJLD (n+l) , as
shown in Fig. 54A, the accunul ated 5 data anount DAl in the first read
buffer 4221 does not fall below the first buffer margin anmount UL1 [ 0320]
The abové®d83tri bed change of the accumul ated data ambunts DAl and DA2 is
simlar for each extent after the (n+2) th 10 extents. Accordingly, in

order to play Bagk- I3Ai 888 . Hage> S adift XSRSt PBAVLRE thHhangs ekt ent s
Dn, EXn+1% , etc. and the left-view extents_Ln, L (n+l) , etc., regardless
of j unpsthet AeeHmthaRfdt RRE: ATIH Y Ravb Th R4 dis thsedepd PEEEGERi |1 ed.
[0321] 15The first _condition is_that the size, Sextj [n] of the nth

ort-vi chreRt RE 17P MO e SRUP DAY ERCK BT HeS de o ket 2 XGRS - ed

fromthe,first read puffer 4221 to t tem target decod 03 fromth
2ni h % oaiMBHEFGl: BRI PREGHHT (I ERYEP L ar SUR BENTDASILD (HLFor Feore,

he Tk PhoAlRGEISE SERLARE 20, PEEL R S UEl S e gz S
o on, B SRLL ol LRACD, e lansLh it Zael) LS puiod P
I e s e pE e e
e i oSS R v T e s ety el shps g s by
_Anjgr Stelstdlsd dsbii®a B3P ¢hd linted?dP d Nls sufficiently larger
than one. In this case, the accumulated data amounts DAl and
DA2 in the read buffers 4221 and 4222 are already maintained
above the lower limits ULl and UL2 respectively. These lower
limits ULl and UL2 are referred to as the "buffer margin amount."
15 Furthermore, the zero sector transition time Tyup-o iS assumed
to be equivalent to a value that does not include a margin time,
i.e. equivalent to a defined value that is evaluated only on
the time actually required for a zero sector transition. The
method for guarariteeing the buffer margin amounts ULl and UL2
20 1is described later.
[0293]
In accordance with the playback path 5301 shown in Fig.
53C, the n*™ right-view extent Rn is first read from the BD-ROM
disc 101 during the (2n-1)* read period PRzn and output to the
25 second read buffer 4222. During the (2n-1)** read period PRgn,
as shown in Fig. 53B, the accumulated data amount DA2 in the
second read buffer 4222 increases at a rate equivalent to the

difference between the 3D video image read rate Rys-3p and the
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ud-3DRud -3D San[n] CEIL {Rat' [n] x Rud-3D X(T _o[n]+S 3[n +1] + T junp
3D [n +1]} 8Rud _3D - Ra" [n]junPRud-3D [0323] The second condition is that
the size Sext3 En] of the nth 5 depth map extent Dn should be at | east

equi valent to the data anmount transferred fromthe second read buffer 4222
to the systemtarget decoder 4203 fromthe (2n-1)th read peri od PRDn

t hrough ¥hehhtWigwrtoransahern recamixti oy perifad-:PIBac: Her e ConNerpeayth of the
(2n-1) th read period PRDn is equivalent to the size 10 5ext3 [n]_of the
nth dept ASnBPROERt BAtFIH- di3A dedhd ISR iad R famFertadPlaie -3D, or
SeXt3 [n] ./Rud-3D Accordingly, the size Sext3 [nL of the nth depth map

ext ent DhRirstaeadRefisgutIat Secreasefeatilg estteXiBNtE S epPESent ed by
the right-hand_sjde of Equation 8. 15[0324) Equation 8 ( S3[n] CEIL
{Rext 3] nﬁewm[raf XTj unp- 3DHSat t I NI f ur uP- 0

5 [0294]

When the end of the n*® right-view extent Rn is read, the
n*™® zero sector transition Jon occurs. During the n*® zero sector
transition period PJon, reading of data from the BD-ROM disc
101 is suspended. Therefore, the accumulated data amount DAl

10 in the first read buffer 4221 decreases at the left-view
transfer rate Rexti-aplni-1l], and the accumulated data amount DA2
in the second read buffer 4222 decreases at the right-view
transfer rate Rex: [n].

[0295]

15 At the point the n zero sector transition period PJon
ends, the 2n™ read period PR;n begins. During the 2n*™® read period
PR;n, the n*® left-view extent ILn is read from the BD-ROM disc
101 and output to the first read buffer 4221. Accordingly, as
shown in Fig. 53A, the accumulated data amount DAl in the first

20 read buffer 4221 increases at a rate equivalent to the
difference between the 3D video image read rate Ryg-3p and the
left-view transfer zrate Rexti-3p[n]l, 0Or Rug-sp-Rexti-3plnl.
Conversely, as shown in Fig. 53B, the accumulated data amount
DA2 in the second read buffer 4222 decreases at the right-view

25 transfer rate Rexs [n].

[0296]
When the end of the n*® left-view extent Ln is read, the

jump Jignt occurs. During the jump period PJizn, reading of the
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8Rud- 3D Rest 3[ 11] Rud_sp [0325] In Equations 7 and 8, the junp time Itonp-3D
In] expresses 20 the length of the junp period PJLDn fromthe end of the
nth depth map extent Dn to the top of the nth [eft-view extent Ln in
seconds. More specifically, the junp tinme Tjuo,p_3D[n] is equivalent to the
val ue assigned to the number of sectors, i.e. the junp distance, fromthe
end of tAePlhh WPt $XEERL eRilanil) Dlawtdte iwpediatddy nehtesf tthe e ext ent
Ln as per the regulation showm in Fig. 24. [0326] Wen there is no |ayer
boundar y 1EBthEFL G¥efXERBE nkh 155 | %ewa@s@t hus | headdng et daia drodept h nap
ext ent Dgn+1E the zero sector transition tinme Tjunp_o[n] is_equivalent to
a defi ne8hGaPReRPNafirs BUHI LatSHPRANGEDN Theraione adURNg theqdiF®d for a
zero sector .transition. On the other hand, when there is a | ayer boundary

LB bet weBRTERE R{HTY 2% -SHWR &Rt BHY - £ A4n CRACTRETEHAFSE I 9ateh PR&E text ent
+1), .th ' t t iti ti Tj ,9 0 i | d by th
PR IS B eSSl L A0 LS L T 3 g by Lhe
t han thet¥akyg asso iaggd W h]the nunber of sectors b tmeeg3%he nt h
PEERe EREsn Borngn (k! ) TRCHEREN MEpSBSPEninOrnT) 2358 4d%per t he

| eft-vi ew _

regul ati QRRRANCLR BL8a Sho b TS Lm0 iLani0gy| YRRy iy, 350 .

[ 0327] enabl’e 'seam éss plraybac Vi deo T'mages, Vi'deo

| mages | Bokt Baaudea:apde3Diuhdeq Limaes Ll deptiampde from the 20 extent

groups shown I'n Size of each extent ne&dd'to fulfill Equations
4-8 abovegpsbpyparticular, the size of the smallest extent in the
2D/l eft-view Streamfile needs to be equivalent to the | argest val ue anong

the M@l ues cor a8RRNGIRA 412 d 88L& :AAmRAN tHelge ObnEIRld BB 4y 42222Nd 7.
during the (2n-1)*" read period PRgn, i.e. the size Sextx[n] of
the n*™ right-view extent Rn, is at least equivalent to the data
amount transferred from the second read buffer 4222 to the
system target decoder 4203 from the (2n-1)™ read period PRzn

15 through the jump period PJizn. Accordingly, at the end of the
jump period PJign, as shown in Fig. 53B, the accumulated data
amount DA2 in the second read buffer 4222 does not fall below
the second buffer margin amount UL2.

[0298]

20 At the point the jump period PJizn ends, the (2n+1)*® read
period PRg (n+1) begins. During the (2n+1) ™ read period PRy (n+1),
the (n+1)™ right-view extent R(n+l) is read from the BD-ROM
disc 101 and output to the second reaci buffer 4222. Accordingly,
as shown in Fig. 53B, the accumulated data amount DA2 in the

25 second read buffer 4222 increases at a rate equivalent to the
difference between the 3D video image read rate Ryg-zp and the
right-view transfer rate Rextz[N+1l], Or Rug-ip-Rexez[n+1].

Conversely, as shown in Fig. 53A, the accumulated data amount
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25[ 0328] "Conditions on Arrangenent of Extents when Only Using L/R
Mode for 3D Video | mage Pl ayback"” [0329] When only L/R node is
used for 3D video playback, the depth nap extents may be renoved fromthe
arrangenment in Fig. 49. Fig. 55 is a schematic di agram show ng the
arrangenent of extent groups belonging to each file when only two types of
files, aDBl2pp|tdta firelw serdadmifer 4224 gontghues b &eeeeane idtethare
recorded_on a BD-ROM di sc. As shown in_Fig. 55, these two types of extent
groups ateffe¥épdebransiari hebel Bavedo R angenent. In this interl eaved
arrangenment, sections of each AV streamfile with matchi ng pl ayback peri ods
are incl t888% ndividually in two 10 consecutive extents. In particular,

bet ween these extents, the playback tinges of the video str?ﬁnsﬂl‘é\re
equi val ent. FolReRamt 04 1 (85 (Pght - vieWhixt ety RETETF idtidp Pef t - vi ew

tent LI kve, thei | ayback, peri qd h d the .pl ayback
e bof FRB%i 00 (STOanEerS SHGrA b MR JAdPT LbrE T o 1556 Pen o zes
ired n D video nl ayback 3D vi.deo pl ayback
conpat | b BSaPE Bt P Rer o (AR T BR2AET ROt Dhire SR T o0 he.
ar rangengot shoun LAFbg 49 403301 20FL 8t Lna2R Vinfleo playback,
processi ng, Sonly t heTl éft-Vi ew ext ents T, PIPeREEY- 2 eSFE38 T &cCor dance

ith th 5 i F0+.55, j hg J5jpght - vi
ot ont s AL ORI AR AR AR TOAR, Thd wisye A0 Po BuPErE S ot ent

0/ e “HQMCATEE B, SRataetelig WRASLERIT LY, sHELIE 11E )
videq i mggeamdhbt€4Sdata amount DA2 in the second read buffer 4222
decreases at the right-view transfer rate Rexez[n+1].

[0300]
The accumulated data amount in the first read buffer 4221
during the 2n*® read period PRin, i.e. the size Sex1[n] of the
15 n*"left-viewextent Ln, is at least equivalent to the data amount
transferred from the first read buffer 4221 to the systém target
decoder 4203 from the 2n*" read period PRin through the (n+1)*
zero sector transition period PJ,(n+l) . Accordingly, at the end
of the (n+l)*® zero sector transition period PJ,(n+l), as shown
20 in Fig. 53A, the accumulated data amount DAl in the first read
buffer 4221 does not fall below the first buffer margin amount
ULl.
[0301]
At the point the (n+1)®™ zero sector transition period
25 PJ, (n+1) ends, the (2n+2) ™ read period PRy (n+l) begins. During
the (2n+2)*™ read period PRy (n+l), the (n+1) ™ left-view extent
L(n+1l) is read from the BD-ROM disc 101 and output to the first

read buffer 4221. Accordingly, as shown in Fig. 53A, the
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fromthe playback path 4901 for 2D video images shown in Fig. 49 only in
the junp distance between the nth and (n+l)th left-view extents Ln and
L(n+l) (an integer n is equal to or greater than two). Accordingly, for
seaml ess 2D vi deo pl ayback, the size Sil[n] of the nth |eft-view extent Ln
should fulfill Equation 4. 5[0331] Next, in playback processing of
3D vi deca¢pagedatefiedptghtamguak ddkenis Rhe RArsdt reathdogheer ef2yi ew
extents LI, L2, etc. are read in order fromthe top in accordance with the
pl aybackiparaasseslathovifrtis T4 vaEEnTHo dhertilifcoepsesRerieed tASFi g. 55
do not include depth map extents, unlike the extent groups shown in Fig.
49. Acco?Rivglse iMagpraptaERtBakin- 558291 BRe 3 iL JEEY FaGES I F&F8 from

t he pl ayback path 4902 for 3D video images in L/R node shown in_Fig. 49 in
that a jRepr-sTintldoeE Retrofewmn-ifitdi at PYVeFILY e FEnSPRYVE-AR EdText ent .
Instead, 15 only a zerq sector transition Jon occurs (nzl, 2 .etc.).

Ther &f or @3B oq'h‘%lﬁc\ﬂ ahRshEe troaBRYBF & %Eﬁes%%?é%% ggpd PH%%g’%ze
Sen[ n] of e nth,left-view extent Ln should.fulfill Eguatin_9_bel ow

ot ond SP2RqERPESHTES S A AT i RS of LPHE 1oV SHAnOrBReReeR Rn
shoul d fylfi tf:ﬁ 5quati on 10 bel ow 20 instead of Equation 6. Both Equations 9
and 10 aretedlivalent to Equations 5 and 6, replacing the junp tine

Tj unp_339 #5? the zero sector transition time Tjrnal,,o. [0332] Equation 9
Saank CEl L? eril [n] x 8R uRext1[111 \R--3D711,",p_o[n 1 d -3D -ud 7 25x

Tpav_o[n] + S 'ghénawve—described change of the accumulated data
10 amounts DAl and DA2 is similar for each extent after the (n+2) th
extents. Accordingly, in order to play back 3D video images
seamlessly from the right-view extents Rn, R(n+1l), etc. and the
left-view extents Ln, L(n+1l), etc., regardless of jumps between
them, the following two conditions need to be fulfilled.
15  [0303]

The first condition is that the size Sexei[n] of the nt
left-view extent Ln should be equivalent to the data amount
transferred from the first read buffer 4221 to the system target
decoder 4203 from the 2n*® read period PRin through the (n+1)

20 zero sector transition period PJy(n+l) . Here, the length of the

2 nth

read period PRin is equivalent to the size Sexc; [n] of the
n™ left-view extent Ln divided by the 3D video image read rate

" Rud-3p, OF Sext:[n] /Rug-3p- The length of the (2n+1)®™ read period
PRz (n+1) is equivalent to the size Sex2[n+l] of the (n+1) ™
25 right-view extent R(n+l) divided by the 3D video image read rate
Rug-3p, OF Sextz [M+1]1/Ryg-3p. Accordingly, the size Sex: [n] of the

n*® left-view extent In is at least equivalent to the smallest

extent size represented by the right-hand side of Equation 5.
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'Rs _3D Equation 10 {Rexe2 [n] xRud-30 sera [n] S en[n] CEILx T
panp_o[n]++ T p_o[n] 8R "d 3D - R2 [n] Red-3D [0333] Accordi ngly,
the size of the snallest extent in the 2D/l eft-view streamfile is

equi valent to the larger of the 5 values corresponding to the right-hand
side of Equations 4 and 9. [0334] Not e that when the consecutive
extents sﬁgé\% lin Fig. 55 are read continuously by the BD-ROM drive 4201,
the zero sector 10 transition tine Ti"p_o [n] in Equations 9 and 10 can be
consi der EgUEE19® Pero. In other words, the size Sexti [n] of the rith
left-view extent Ln and the size Sext2 [nl of the nth right-view extent Rn

should fulfill the follow ng eguations. 15 20 {0335]
Sext][n]>( &’:ﬂ[ ]+T_'1ump—3D[ ] —=a P jump—O[n+1] Xsztl[n]
ud-3D ud-3D
S, nln]= CEIL Re"”[n]x R""‘“’ (Tjump_w[n]+w ,.,mp-o[n+l]]}
8 Rud-—3D axtl [ ] ud-3D
[0305]
5 The second condition is that the size Sext:[n] of the n™

right-view extent Rn should be at least eqﬁivalent to the data
amount transferred from the second read buffer 4222 to the
system target decoder 4203 from the (2n-1)™ read period PRzn
through the n™ jump period PJzn. Here, the length of the (2n-1)*"
10 read period PRgn is equivalent to the size Sext»[n] of the n™®
right-view extent Rn divided by the 3D video image read rate
Rud-3p, OT Sextz [N1] /Rug-3p. Accordingly, the size Sex, [n] of the nt
right-view extent Rn is at least equivalent to the smallest
extent size represented by the right-hand side of Equation 6.
15 [0306]

Equation 6

Seoln] (—%ﬁzm + Lm0 1] + w

ud-3D ud-3D

+T jump=3D [n]J X R [7]

ngtz [n] > CEIL {ngz [n] X R"d_w X (Tjump—o [n] + Ml + Tjump—SD [n]j}

R, sp =R 7] R.sp

[0307]
In Equations 5 and 6, the jump time Tiump-3p [N] expresses
20 the length of the jump period PJizn from the end of the n™
left-view extent In to the top of the (n+1)™ right-view extent

R(n+l) in seconds. More specifically, the jump time Tump-3p [1n]
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[ 0336] [0337] SCEI L San [n] _?. CEIL ccRead Buffer Margin The | ower
fl [n]R'd _3DS an[n +1] xx data 8Rud -3D - R 1 [n]Rra_30 Rext2
[ n] Rud- 3DS3[ n] xx

10

15

20

25

is determined by the sum of two parameters, TJ[n] and TL[n]:
Tjump-3p [n] =TJ [n] +TL [n] . The firsﬁ parameter TJ[n] represents
the value assigned to the number of sectors, i.e. the jump
distance, from the end of the n*™" left-view extent In to the
top of the (n+1)*® right-viewextent R(n+1l) as per the regulation
shown in Fig. 24. The second parameter TL[n] represents either
(1) the layer switching time, i.e. 350 ms, when there is a layer
boundary LB between the n*" left-view extent Ln and the (n+1)®™®
right-view extent R(n+l) or (ii) zero, when there is no layer
boundary LB therebetween.

[0308]

<<Conditions on Arrangement of Extents Required for

Seamless 3D Video Playback in Depth Modes>>
[0309]

As shown in Fig. 49, the playback path 4903 for 3D video
images in depth mode alternately reads depth map extents D1,
D2, etc. and left-view extents L1, L2, etc. Accordingly, while
an extent is being read into one of the two read buffers 4221
and 4222, extents are not read into the other buffer.
Furthermore, in the playback path 4903, jumps Jwizl, Jwz2, etc.
occur in the recording areas for the depth map extents D2, D3,
etc. On the other hand, data transfer from the read buffers 4221
and 4222 to the system target decoder 4203 is continuous.
Accordingly, in order for the 3D playback device to play back
3D video images seamlessly, a sufficient amount of data should
be accumulated in the read buffers 4221 and 4222 during reading
of extents, so that underflow will not occur in the read buffers

4221 and 4222 due to data transfer to the system target decoder
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8R3D - Rz r {--enin]Rid _3D Amounts” UL1 and 13L2 for the accunul ated
anounts DAL and DA2 in the read buffers 4221 and 4222 shown in Figs.
and 54A-C represent the buffer margin amount for each buffer. The "buffer

mar gi n amounts” refer to the | ower

53A-C

l[imt of the accunul ated data anpunt

that shoul d be maintained 25 in each of the read buffers 4221 and 4222 in
order to%gO8vailleymgadingont waitemtiss isasspemdeidng t he reading of an AV
streamfile mainly when the recording |ayer to be read is sw tched,

reading i

"another file" _nmeans a file other than the

10

15

20

25

Figs. 54A, 54B, and 54C are graphs showing the change of
the accumulated data amounts DAl and DA2 in the read buffers
4221 and 4222 when the 3D playback device plays back 3D video
images in depth mode from the extent groups shown in Fig. 49.
For convenience of explanation, it is assumed that the depth
map extents and left-view extents have already been read into
the read buffers 4221 and 4222 from the top pair of extents D1
and L1 in order through the (n-1)*" pair of extents D(n-1) and
L(n-1). It is also assumed that the integer n is sufficiently
larger than one. In this case, the accumulated data amounts DA1
and DA2 in the read buffers 4221 and 4222 are already maintained
above the buffer margin amounts ULl and UL2 respectively.
Furthermore, the zero sector transition time Tyump-0 1S assumed
to be equivalent to a value that does not include a margin time,
i.e. equivalent to a defined value that is evaluated only on
the time required for an actual zero sector transition.
[0311]

In accordance with the playback path 5401 shown in Fig.
54C, the n*® depth map extent Dn is first read from the BD-ROM
disc 101 during the (2n-1)*" read period PRpn and output to the
second read buffer 4222. During the (2n—1)“1read.period PRpn,
as shown in Fig. 54B, the accumulated data amount DA2 in the
second read buffer 4222 increases at a rate equivalent to the
difference between the 3D video image read rate Rus.:p and the
depth map transfer rate Rexes[n], 0T Rug-zp-Rexes [0 . Conversely,

as shown in Fig. 54A, the accumulated data amount DAl in the
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5 AV streamfile showmn in Fig. 2, and for exanple includes the novie object
file 242B, the BD-J object file 246A, and the JARfile 247A. [0338] Fig. 56
is a schematic diagramshowing (i) a junp Jrz caused 10 by |l ayer swtching
occurring during the playback path of 3D video images in L/R node and (ii)
an object LIED, 3 caused by the read process of the BD-J object file 246A
The buf f éLraarggas Rudfiarst 23l desdedsesnet ddsat Lt oviedyanafieyrgtand
J320,3 are calculated as follows. 15[03391 For the junp LTLy caused by

swi t chi nBedcayel®;1khe maxi numjunp tine Tiw_Ly is equival ent to the sum of
the junp di stance as per the regulation shown in Fig. 24 and the |ayer
switchi ngOBLA®. The junp distance is the val ue associated with the nunber
20 of sectors between the extents Ln and D(n+1l) on either side of _the |ayer
boundary LB. AdheRtheyeid @F 3hetRe FePthvIeR $¥ERE &M st &SRkt FRSD does
not exceed, the maxi num val ue_Rmax1- SB - _Accordi ngl Y, t he data agount t hat

i s cohsufted It et OGHEE -+ PG LHGF FBF B2231YHRr PRy Pﬂepﬁiﬂ?p pEFFGG9aused

by | aver 20 S LEL00, S58 ol eAeeed Lle PLadich 0L g gLl Lo ranster
depth map extent Dn is skipped, and thus reading of data from
the BD-ROM disc 101 is suspended. Therefore, during the n™® jump
period PJipn, as shown in Fig. 54A, the accumulated data amount
10 DAl in the first read buffer 4221 decreases at the left-view
transfer rate Rexei-apln-1], whereas, as shown in Fig. 54B, the
accumulated data amount DA2 in the second read buffer 4222
decreases at the depth map transfer rate Rexes[nl].
[0313]
15- At the point the n*® jump period PJpn ends, the 2n*" read
period PRin beginé. During the 2n*® read period PRiyn, the n*™
left-view extent Ln is read from the BD-ROM disc 101 and output
to the first read buffer 4221. Accordingly, as shown in Fig.
542, the accumulated data amount DAl in the first read buffer
20 4221 increases at a rate equivalent to the difference between
the 3D video image read rate Ruyg-:zp and the left-view transfer
rate Rexti-3pln], OFY Rug-ip-Rexti-3pln] . Conversely, as shown in Fig.
54B, the accumulated data amount DA2 in the second read buffer
4222 continues to decrease at the depth map transfer rate
25  Rexes[n].
[0314]
When the end of the n*® left-view extent Ln is read, the

n® zero sector transition Jen occurs. During the n™ zero sector
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product is determined to be the first buffer margin anount ULI. In other
words, the first buffer margin amount ULl is calculated by Equation 11.

[ 0340] Equation 11 5[ 0341] For exanpl e, when the nmaxi mum junp

di stance is 40000 sectors, as per the regulation shown in Fig. 24, the
maxi mum junp tinme Tjunp-Ly is 700 ns, which includes the |ayer sw tching
time of BBensitipvcpedingl PJ.mhereadions s alateatio arorubes BEn@&ONg digct o t he
2D/l eft-view streamfile is 48 Mops, the first buffer margin anount ULl is
equi val eAPlt &S (FespepEsd o THSEI kLT, sided dscumppresk i drdtce lapnordo DRB. [ 0342]
Simlarly, the maxi numvalue of the data amount that is 15 consunmed from
the secohd rdwd HiFster raadr kififialy 4hel| depreasesd auked Bgftaydew

SwWi t chi ng, i.e. the product of the maxi mnum val ue Rrax2 of the right-view
transf er tFaRELgRdTRRe Rexi-mui) udnd ithe AQFUebed Fater /et 23e t he
second byffer margin anpunt UL2. In other_words, the second buffer margin

amoum  ULD 20 Ca¢UIHR¥Y PRTERliatPér BECseses at the depth map

transfer rate Reus[nl].
[0315]
The accumulated data amount in the second read buffer 4222

during the (2n-1)*® read period PRpn, i.e. the size Sex:[n] of
10 the n™ depth map extent Dn, is at least equivalent to the data

amount transferred from the second read buffer 4222 to the

system target decoder 4203 from the (2n-1)" read period PRpn

through the n*™ zero sector transition period PJon. Accordingly,

at the end of the n™ zero sector transition period PJon, as shown
15 in Fig. 54B, the accumulated data amount DA2 in the second read

buffer 4222 does not fall below the second buffer margin amount

UL2.

[0316]

At the point the n*™ zero sector transition period PJon

20 ends, the (2n+1)®™ read period PRp(n+l) begins. During the

(2n+1)*™ read period PRp(n+1), the (n+1)™® depth map extent

D(n+1l) is read from the BD-ROM disc 101 and output to the second

read buffer 4222. Accordingly, as shown in Fig. 54A, the

accumulated data amount DAl in the first read buffer 4221
25 continues to decrease at the left-view transfer rate Rexri-3p[n1] .

Conversely, as shown in Fig. 54B, the accumulated data amount

DA2 in the second read buffer 4222 increases at a rate equivalent

to the difference between the 3D video image read rate Rug-ip
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Equation 12 [0344] U2 = CEIL ( Rmax 2 x T. 8junp-LY 25For exanple, when
t he maxi mum junp distance i s 40000 sectors, neaning that the maxi nrum junp
time Tjunp-LY is 700 ns, and when the systemrate corresponding to the
right-view streamfile is 16 Mps, the second buffer margin amount UL2 is
equi valent to (16 Mopsx192/188)x0.7 seconds = approximately 1.36 MB.

5[ 0345] and the dgpth amareddamsdeessabk Rbe: BD-Ul olyjre®ue-ti1R248AliInt errupt s
the read period of the AV streamfile, as shown in Fig. 56, a first junp
JED, 71 0dBa&kg] In this way, the position of the read target shifts fromthe
recording area of the (n-1) th left-view 10 extent L(n-1) to the recording
area of the BDYBeBbfbetend| ef 2uBa. (rhe) cCofepsporarngxtems DilrerlTBDS is set
to a predeterm ned fixed value, e.g. 900 nms. Next, the BD-J object file
246A i s Fead: Fhe (B T e etirf{BF 1} OFWES | WG dhent(ntd) e P i nes
the size Sgro of the extent belonging to the file 246A in bytes divided 15
by t e 3BFVFA80 BdmyRettbad FRACETELRBN LS BHasHD VEgh] eXFRRl 3B.(INdit , a
second | BD, 72 occurs. In_this way, the,position of the read target
returns #ggﬁ#?ﬁel?‘@%a?ﬂFﬁbya‘?‘%%ertkﬁe(’rEESB\GJE oBFREE 138 &5AEK l?g@k“ o the
recording_area of .the (n-1) th left-view extent L(n- : e,.correspondi ng
i 11 s TeESPPEa, gind il e fing 557 FefR: FRtmpt Be AR ROE Y00 e,
During tk i DJ1_and JED..72 and the .readi ng of. t BD- J _qbj ect

(1 e SachS DAt TRPRGrors S0l RS PG P S Boalnga gl v,

t he maxi e a.th I S S f f.irst
read buf Fgg %gé%ﬁ%g%}:%g ?%%Lé{?:}ondé{ t‘T ;ﬁi ef’ 'gr ﬁ’lhﬁeglfggb%g(géo 4%281{ q‘r%ezz%d 25

DL PR aBERUTE Phl AR, UGG RSl SR e O
accumulated data amount DA2 in the second read buffer 4222
decreases at the depth map transfer rate Rexes[n+1].

[0318]
At the point the (n+1)™ jump period PJip(n+l) ends, the
15 (2n+2) *® read period PRy (n+1) begins. During the (2n+2)*" read
period PRy (n+1), the (n+l)*™ left-view extent L(n+1) is read from
the BD-ROM disc 101 and output to thé first read buffer 4221.
Accordingly, as shown in Fig. 54A, the accumulated data amount
DAl in the first read buffer 4221 increases at a rate equivalent
20 to the difference between the 3D video image read rate Rug-3p
and the left-view transfer rate Rext1i-3p [n+1], or
Rug-3p~Rexti-3p[n+1] . Conversely, as shown in Fig. 54B, the
accumulated data amount DA2 in the second read buffer 4222
continues to decrease at the depth map transfer rate Regs [n+1].

25 [0319]
The accumulated data amount in the first read buffer 4221

during the 2n®*® read period PRin, i.e. the size Scxt1[nl] of the

n*™ left-view extent Ln, is at least equivalent to the data amount
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[0346] Equation 13 ULl = CEIL nmax 1-3D x[2 xT +8xS BDJ 8BDJ Rud -3Di

[ 0347] Simlarly, the maxi num val ue of the anobunt of data that is
consuned fromthe second read buffer 4222 during the two junps 5 JgaTl and
JEDJ2 and the reading of the BD-J object file 246A is determ ned to be the
- second read buffer margin amount UL2. In other words, the second read

buf f er nmarghafemvedtftd® the Tt stukrebddonhf Egdailoto the $P348h tadgEgquat i on
14 [ 0349] The first buffer margin anmount ULl is set to the |arger
of the vaegederot2esporne g anfheaeidypertiaddPBinld tofougduaheofs+1) =

jump period PJip(n+l). Accordingly, at the end of the (n+1)™
jump period PJip(n+l), as shown in Fig. 54A, the accumulated
5 data amount DAl in the first read buffer 4221 does not fall below
the first buffer margin amount UL1l.
[0320]
The above-described change of the accumulated data
amounts DAl and DA2 is similar for each extent after the (n+2)™

10 extents. Accordingly, in order to play back 3D video images
seamlessly from the depth map extents Dn, D(n+l), etc. and the
left-view extents In, L(n+1l), etc., regardless of jumps be‘tween
them, the following two conditions need to be fulfilled.
[0321]

15 The first condition is that the size Sex;[n] of the n*®
left-view extent Ln should be equivalent to the data amount
transferred from the first read buffer 4221 to the system target
decodef 4203 from the 2n*™ read period PRin through the (n+1)®®
jump period PJip(n+l) . Here, the length of the 2n*® read period

20 PR;n is equivalent to the size Sext: [n] of the n™® left-view extent
Individed by the 3D video image read rate Ryg-ip, OF Sext1 [N] /Rug-3p.
The length of the (2n+1)™ read period PRp(n+l) is équivalent
to the size Sexes[n+l] of the (n+1) depth map extent D(n+l)
divided by the 3D video image read rate Ruyg-3p, OF Sexts [N+1] /Rug-13p.

25 Accordingly, the size Sexr:[n] of the n'® left-view extent Ln is
at least equivalent to the smallest extent size represented by
the right-hand side of Equation 7.

[0322]
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15 11 and 13. The second buffer margin anount UL2 is set to the |arger of
the values corresponding to the right-hand side of Equations 12 and 14.

[ 0350] <Guaranteeing Buffer Margin Amounts by Using a Margin 20 Ti ne"

[ 0351] The buffer margin anobunts ULl and UL2 are guaranteed in the
following way. First, a margin tinme is added to the zero sector transition
time TiuBguatfep §ubst|tuted into Equatlons 5-8. 25 The margin tine is, for

exanpl e, 100ns ! this may, S|nce nlnl n1extent size is enlarged
the accungl 3 ur ﬁmzﬁg Necxepd buffers 4221 and 4222
i ncrease by a @ngﬁerﬁ?%ed andunh each”™ pal r of a base-view extent

and a dependent-view e e t.is coded nllke hﬁ_ge shomn iy 5 Figs.
53 and 54: gpjpgd(ngtyz_@ﬂ_lgadngﬁa_ceni |n$pq tgh41 t he
read buffers 1 and t ResbufR.ei#lmargin anndhL§>UL1”gn3 UL are

guarantﬁiga?ggSSZ] Figs. 57A and 57B are graphs show ng the change of the

10 accu data amounts DAl and DA2 in the read buffers 4221 and 4222

wh [ j ' ded th iti ti | Nyt h

Fol | owi 1o xpl SHALFORE S5t T g ke CHESIER TobilpPly Baeback | n L/ R
d L t f th t F 49. Thi pl t

s I 80 S 0 BRSO Lyt T S

A whenanBuit 120 HIRAEY B &Rk POSKaAd OPLEY BLPELEARY o8 LR Lnd 2

interrup
system target decoder 4203 from the (2n-1)™ read period PRpn

through the n*® zero sector transition period PJyn. Here, the
length of the (2n-1) read period PRpn is equivalent to the size

10 Sexts [n] of the n®® depth map extent Dn divided by the 3D video
image read rate Ryg-ip, OFY Sexts [n]/Rus-zp. Accordingly, the size
Sexts [n] of the n** depth map extent Dn is at least equivalent
to the smallest extent size represented by the right-hand side
of Equation 8.

15 [0324]

Equation 8

AL (M I zym-o[nl] xR, [n]

R sp ud ~3D
S,s[n]2 CEIL {Ra"“ [r] x Rud—3D (]}ump—3D [n]+ M + Tjump-—O [n]J
8 Ry sp = Resln] R, p
[0325]

In Equations 7 and 8, the jump time Tjump-3p[n] expresses

20 the length of the jump period PJipn from the end of the n™ depth
map extent Dn to the top of the n*® left-view extent Ln in seconds.
More specific.ally, the jump time Tyump-3p[n] is equivalent to the
value assigned to the number of sectors, i.e. the jump distance,
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[0353] First, during the first read period PRRL, the top 20 right-view
extent R1is read fromthe BD-ROM di sc 101 and output to the second read
buffer 4222. Meanwhil e, the systemtarget decoder 4203 is placed on
standby. Accordingly, in the first read period PRRL, as shown in Fig. 573,
t he accunul ated data anount DA2 in the second read buffer 4222 increases
from O afred the eBivoficthe mijedertl map eexteefipIByto the tophed the end of
the top right-view extent Rl is read, the first zero sector transition JO1
occurs. DirLe§ttraewiextenield as7resddivregudadilonoahpeni b FRID1 24r-eadi ng
of data fromthe BD-ROM disc 101 is suspended. Meanwhil e, the systemtarget
decoder 49836¢onti nues on stand-by. Therefore, during the first zero sector
transition period PJO1, the accunul ated data anmount DAl in the 5. first
read buffer 4208eBndhere attuRf atdEabPauRABLNt [BA2PPRWERR <&ond read
buffer 4222 are both maintai ned const ant d1035%¥h At tge psint t he
first® zet6L5c¥t6F BKRABFt FBn2Per FBA F301) enGEPHh BB EFHE eRd Midriiod PRLL

begi ns. ring the second reaq 10 period_PRL1, the top l.eft-view extent Li
st oad FlBPERG BECRORI HFECotSLOM 1B0: Bureido nast FRH VPARItO AR & 4221

Meanwhi | h . decoder _42Q3 bei decodi [

the seco REPERE HrBu B, ACEOPAPROFY, CAGTeROrcin ELgC SPACAAY
t t t DAL _i i rst d '

7 onD. ot TBIAEEOHRT aPERE PECERS HI LT SHas (01 RaBro TR 35 0% S rage

Fao. 3D REZET 3R] = Xniereiiyty 18 ERESn, G e e el

Fud- 3D Rexti n t he accumﬁ ated data
ano i th 2 a h j LW
Motk BG4 he, Secone: seadn e 42e% dect pesametriheetd dllohen
E'J T e@dantheibhr Sind &R, I (rffl1 8GEH IR cddIbl thd e £ She IndBe J28ihOd

| to skip the layer boundary LB. This jump time is longer than

the value associated with the number of sectors between the n™
left-view extent Ln and the (n+1)™ depth map extent D(n+l),
15 as per the regulation shown in Fig. 24, by the time for switching
layers, i.e. 350 ms.
[0327]
To enable seamless playback of 2D video images, 3D video
images in L/R mode, and 3D video images in depth mode from the
20 extent groups shown in Fig. 49, the size of each extent needs
to fulfill Equations 4-8 above. In particular, the size of the
smallest extent in the 2D/left-view stream file needs to be
equivalent to the largest value among the values corresponding
ﬁo the right-hand side of Equations 4, 5, and 7.
25 [0328]
<<Conditions on Arrangement of Extents when Only Using
L/R Mode for 3D Video Image Playbacks>>
[0329]
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readi ng of the second depth map extent D2 |ocated inmmediately after the top
|l eft-view extent Li is skipped, and thus reading 25 of data from

t heBD- ROMi sc 101 i s suspended. Therefore, during the first junp period
PJLR1 , as shown in Fig. 57A, the accunul ated data anount DAl in the first
read buffer 4221 decreases at the left-viewtransfer rate REth-SDLl],
wher eas, as sH¥wn cnlFily/R medg is needckemBParedeeri ayhasknttimadepiht he
second read buffer 4222 decreases at the right-view transfer rate Rext2[1].
[0357] ThHep&xhaRHsanad kiaramgwednirom thifea sERBATNERRA DELFerd U25295 duri ng
the first read period PRRL, i.e. the size Saxt2 [1] of the top right-view
extent R25 i8 atsrhasatiguiiasenn BBOVAHBIsHRP 83T aBIEBRRPtsPEe e8kFfEssed by
the right-hand side of Equation.6. Here, a margin tine, e.g. 100 ns, is
added t 0IFRABPS PPl eI Qeﬁﬁﬁqiﬂ&ﬁetWﬁ@nTPHﬁﬁ-EW?JHYPe$&ﬁ e@ during
the first _read period PRRL, 1Q_data js not transferred fromthe second read
buf f &r 4§9é§?gtfﬁée§y§F€ﬁFWa%déF égﬁtd%rrﬁi%%fvﬁﬁﬂo?ﬁfﬁ§Wygkﬁﬁe 8ft%e S2 [I]

f the t i ght - vi Rl is | han the_d f d
From t her SEUBHEL/Pad BAT FON 9502 25 CAEE,SRamd arger URROGRr 12550 rom the
d d iod PRL1 th h, 15 t first, j '
Tooult, GF TRECRRGHI TR raCT IS gl i R e g OR RS 573
th l.at.ed. ' : f i t
2 val ue DHETTS o0 ChaR 3y T and el BER RO S e e St roduct of

the maxi w%@%&@%ﬁiéﬁ%g&%%aﬁ%é{@g%Fd&%%u%quwt% ed by a

margin tine, e. Tj unp_o . [0358] At the point the
Fi 5o | UBBABEELP vé’Jé;Béeﬁgg.s 1ot Pert Dt fat-eask RAIdPEHRBR2 Degh s, tAYing the

third read period PRR2,
playback times of the video streams are equivalent. For example,
the top right-view extent R1 and the top left-view extent Ll
are consecutive, their playback periods match, and the playback
time of the video streams is equivalent. The conditions for

15 extent sizes required to make seamless 2D video playback and
seamless 3D video playback compatible are determined for this
arrangement in the same way as in the arrangement shown in Fig.
49.

[0330]

20 First, 1in 2D video playback processing, only the
left-view extents L1, L2, etc. are read in accordance with the
playback path 5501 shown in Fig. 55, and reading of the
right-view extents R1, R2, etc. is skipped by jumps J.pl, J2p2,
etc. Here, the extent groups shown in Fig. 55 do not include

25 depth map extents, unlike the extent groups shown in Fig. 49.
Accordingly, the playback path 5501 for 2D video images differs

from the playback path 4901 for 2D video images shown in Fig.

49 only in the jump distance between the n*" and (n+1) ™ left-view
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second right-view extent R2 is read fromthe BD-ROM di sc 101 25 and out put
to the second read buffer 4222. Accordingly, as shown in Fig. 573, the
accunul ated data anount DA2 in the second read buffer 4222 increases at a
rate equivalent to the difference between the 3D video imge read rate
Rud-3D and the right-view transfer rate Rect2[2], or Rud-3D Rext2[?2].
Conver se¢ytenssdownd h (Firg) &rA intesescavhticmued gater SasaheDARan t he
first read buffer 4221 continues to_decrease at the left-view transfer rate
Rext 1- 30Fye] - . AsfoBgongly. forywaeamigeserB ¥fideReP3ayBAGKri GRE- Fié® ext ent
R2 is read, the second zero _sector transition JO02 occurs. Durin%,the second
zero secter: itamd thennpetrdd-Pi6Y, SXESHENGR sTh et D FrldmitlhEIBBEREM di sc
101 is suspended. Therefore, the accumul ated data 10 anmount DAl in the
first refd buffer 4221 decreases at the left-view transfer rate Rext1-3D
[2] , ang %he accunul ated data amount DA2 in the second read buffer 4222
decr €ases®3at he right-view transfer rate Ite"t2 [2] . [0360] 15The

accunul ated data anount iin the. first read buffer_4221 durjing the ,second
ead peri od PRIGAE!] 1B, PURgPaTk, rebing qaepiet o0 72del ihagel® 3

right-view extents R1, R2, etc. and the left-view extents L1,
L2, etc. are read in order from the top in accordance with the
blayback path 5502 shown in Fig. 55. The extent groups shown
10 in Fig. 55 do not include depth map extents, unlike the extent
groups shown in Fig. 49. Accordingly, the playback path 5502
for 3D video images differs from the playback path 4902 for 3D
video images in L/R mode shown in Fig. 49 in that a jump Jwn
does not occur immediately after each left-view extent. Instead,
15 only a zero sector transition Jen occurs (n=1, 2, etc.).
Therefore, for 3D video images to be played back seamlessly,
the size Sex:[n] of the n™ left-view extent Ln should fulfill
Equation 9 below instead of Equation 5, and the size Sext»[nl
of the n*® right-view extent Rn should fulfill Equation 10 below
20 instead of Equation 6. Both Equations 9 and 10 are equivalent
to Equations 5 and 6, replacing the jump time Tjump-3p With the
zero sector transition time Tyump-o-
[0332]

Equation 9

S +1
25  S_,[n]=CEIL Realnl s X| T jppo 7] + Seplnt1] + T o[ +1]
8 R,y sp — Realn] R, sp

Equation 10
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the top left-view extent LI, is at |east equivalent to the smallest extent
si ze expressed by the right-hand side of Equation 5. Here, a margin tineg,
e.g. 100 nms, is added to the 20 zero sector transition time T3"p_O[ 2]
Accordingly, the size Sexti [1] of the top left-view extent Li is |arger
than the data anount transferred fromthe first read buffer 4221 to the

systemtarget decoder 03 firom the second read per§ PR1 t hrough the

second zer &.atttdrElka il qﬁ Aaad 1%&,;@[”5@ qgf] ijmQ-B[’t]gE end of
the second zero sectorltransi thofp per JO02, as in Fig./57A, the
accunul ated data anount DAl in the first read buffer 4221 increases to a
val ue DMIOBABger than zero. This value DML is eval uated as the product of

t he maxi num val ue Rnmax3.-3D of the left-view transfer rate multiplied by a
margin time, eACCETAIRYLYs: CHRL-FFE L 3BRTI FHF1d£H ?Xﬁ?ﬁ%linBﬁgFepeating

t he above-descri bed process, ch tinme
2D91eft—v$ewpstream f?%e is equ%valent to the larger of the

5 values corresponding to the right-hand side of Equations 4 and
g.

[0334]

Note that when the consecutive extents shown in Fig. 55

are read continuously by the BD-ROM drive 4201, the zero sector

10 transition time Tyump-o [N] in Equations 9 and 10 can be considered

to be zero. In other words, the size Sext1[n]l of the n® left-view

extent Ln and the size Sextz[n] of the nﬂlright—view extent Rn

should fulfill the following equations.

[0335]

15 Sextl [n] > CEIL le [I’l] x Rﬂd—3D X Sextz [n + 1]} '
8 Rud—3D - Rextl [n} Rud—3D
Seth [I’l] 2 CEIL {Rexﬂ [n] X R“d_3D X Sextl [n]}
8 Ry sp— R [n] R,.sp
[0336]
<<Read Buffer Margin Amountss>>

[0337]

20 The lower limits ULl and UL2 for the accumulated data

amounts DAl and DA2 in the read buffers 4221 and 4222 shown in
Figs. 53A-C and 54A-C represent the buffer margin amount for
each buffer. The "buffer margin amounts" refer to the lower
limit of the accumulated data amount that should be maintained

25 in each of the read buffers 4221 and 4222 in order to prevent
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5 pair of a left-view extent and a right-view extent are read into the read
buffers 4221 and 4222, the accunul ated data anmounts DAl and DA2 in the read
buffers 4221 and 4222 increase by the values DML and DM2. Accordingly, once
a certain nunber of extents have been read into the read buffers 4221 and
4222, the 10 buffer margin anmounts ULl and UL2 are guaranteed. For exanple,
when t heurdegfhovi iehich gD omisedndsrdeg FheiRAdineet & HYf FEFSAEBr gi n
amounts ULl and UL2 required to prevent underf |ow caused by a 70Q ns junp,
t he abovEidessrinby wher ddie HRAATERY &yes & RSoTREA106 RWLIECEBEGen tines.

15[ 0362] Conversely, as long as_no large ju occurs, the

accumul aPEdV iR & Satoii §SDA@t§ﬁauBg2di Ryt Hee rg%aﬁ E%ﬁnaﬁ}&eﬁzzz
continue_to increase_ by val ues and _DWV2. Th f , h | at ed
dat a annﬁﬁ%g'ﬂ%ﬁ“ﬁn&hﬁ%ﬁeﬁ%dﬁﬂﬁgggﬁbgﬁ#&&e?%?ﬂg%gégﬁ%ﬁaggggdﬁle EE%EFU ae

pl ayback_devjce interrupnts the read/transfer. operatiqn of he BD drive
201 eirtEeay tETe Hiow doe Figd « GH8 rave SRATECIABr 4S8 EhRY ¢ hus
the rate_of .increase qaf. t cc | .at e ata .a t 1 s held
down. CN@?VFSW%?%F?%&P é%gﬁgg%fgggI%%?gcéﬁéﬁﬁéggﬂ%a%4E§Us ge gé g%%ided.

[ 0363] "nggnygyﬁapacity of Read Buffers" [0364] When the
arrangenent "on"thé BD- ROM di sc 101 of the extents belonging to the AV

strean1fib k$ as described above, the mi ni numvalues of the capacities
required tor the read buffers 4221 and 4222 are calculated as foll ows.

5[ 0365] i nF%xgegspiéxsi g&&@%é@ig?@% dHBEeSg i(R) &l E’gﬁb Jrl Baiiadq or

dept h node, der to read the nth Feft-view extent the capacity

REI [1] obyt heybir slyikeadnBubtenr4234 aheuhg kukf pPikyEaeat paknlas O 0366]
Equati on XS (
video images in L/R mode and (ii) an object Jgpy caused by the
read process of the BD-J object file 246A. The buffer margin
amounts ULl and UL2 necessary for the jumps Jiy and Jgpy are
calculated as follows.
15 [0339]

For the jump J.y caused by switching layers, the maximum
jump time Tyump-1y is equivalent to the sum of the jump distance
as per the regulation shown in Fig. 24 and the layer switching
time. The jump distance is the value associated with the number

20 of sectors between the extents Ln and D(n+l1) on either side of
the layer boundary LB. As per Equation 2, the left-view transfer
rate Rexei-zp does not exceed the maximum value Rpaxi-ap-
Accordingly, the data amount that is consumed from the first
read buffer 4221 during the jump period caused by layer

25 switching does not exceed the product of the left-view transfer
rate Rexei-sp and the maximum jump time Tyymp-ry. The value of this

product is determined to be the first buffer margin amount UL1l.

In other words, the first buffer margin amount ULl is calculated
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RBI[n] ?_ CEIL UL1 + kir-3D Rmax |-3D [n] x S1[n] 8 ud-3Dj [0367] On the
ot her hand, when playing back 3D video inages in 15 L/R node, in order to
read the nth right-view extent Rn, the capacity RB2LR[ n] of the second read
buffer 4222 should fulfill Equation 16. [0368] Equation 16 20RB2rmax{ CEl L
[0369] r \ UL2 + Rud-3D Rmax 2 S extlLnir ext2 ud-3D /5 8

by Equation 11.

[0340]

Equation 11

UL1=CEIL —Ii“—"l-"—lﬁllx T.

8 Jump-LY

5 [0341]

For example, when the maximum jump distance is 40000
sectors, as per the regulation shown in Fig. 24, the maximum
jump time Tyump-rv 18 700 ms, which includes the layer switching
time of 350 ms. Accordingly, when the system rate corresponding

10 to the 2D/left-view stream file is 48 Mbps, the first buffer
margin amount ULl is equivalent to (48 Mbpsx192/188)x0.7
seconds = approximately 4.09 MB.

[0342]

Similarly, the maximum value of the data amount that is

15 consumed from the second read buffer 4222 during the jump period
caused by layer switching, i.e. the product of the maximum value
Rmaxe Of the right-view transfer rate and the maximum jump time
Tiump-ry, 1S determined to be the second buffer margin amount UL2.
In other words, the second buffer margin amount UL2 is

20 calculated in Equation 12.

[0343]

Equation 12

R
= Z max2
UL2=CEIL | =22xT,,,
[0344]
25 For example, when the maximum jump distance is 40000

sectors, meaning that the maximum jump time Tyump-ry is 700 ms,
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Here, any of the right-vieM/extents maybe read first by interrupt playback.
In that case, as shown in Fig. 57B, the systemtarget decoder 4203 does not
read data fromthe second 25 read buffer 4222 until the entire right-view
extent is stored in the second read buffer 4222. Accordingly, unlike the
capacity Rial[n] of the first read buffer 4221, the capacity RB2LR n] of
t he seconddrédaehn thlfef sysu@R 2 ateedertrospontheg falthiel righe-coedistingarof bei ng
"at |east larger than the size S2[n] of the nth right-view extent Rn."
5[ 0370] file ispheha plpd ngtivackesond dewtfemgesrgandegmdimopdel2i nsorder to
read the nth depth map extent Dn, the capacity RB2LD [n] of the second read
buf fer 4ggRispdend ftol fiLel Megsaiioad 188.) {0037 Hecradsy ratiRiy orAnatiR1zg2 LD n]
max{CEIL UL2 + Rud-3D nax3 8 [0372] S [n]\
1.36 MB.
5 [0345]
When a read process of the BD-Jobject £ile 246A interrupts
the read period of the AV stream file, as shown in Fig. 56, a
first jump Jppsl occurs. In this way, the position of the read
target shifts from the recording area of the (n-1)™ left-view
10 extent L(n-1) to the recording area of the BD-J object file 246A.
The corresponding jump time Typy is set to a predetermined fixed
value, e.g. 900 ms. Next, the BD-J object file 246A is read.
The time required for reading is equivalent to eight times the
size Sppy of the extent belonging to the file 246A inbytes divided
15 by the 3D video image read rate Ryg-zp, OY 8xSpps[n] /Rus-zp. Next,
a second jump Jgps2 occurs. In this way, the position of the read
target returns from the recording area of the BD-J object file
246A back to the recording area of the (n-1)™ left-view extent
L(n-1). The corresponding jump time Tpy is equivalent to the
20 first jump period, e.g. 900 ms. During the two jumps Jppsl and
Jpps2 and the reading of the BD-J object file 246A, data is not
read into the first read buffer 4221. Accordingly, the maximum
value of the amount of data that is consumed from the first read
buffer 4221 during this time is determined to be the first read
25 buffer margin amount ULl. In other words, the first read buffer
margin amount ULl is calculated in Equation 13.

[0346]

Equation 13
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X ,S,J1d1l Rud-3D ,/ . Simlar to the right-view extents, any of the
depth map extents may be read first by interrupt playback. Accordingly, 15
the capacity RB2Lp[n] of the second read buffer 4222 needs to further

fulfill the condition of being "at |east |arger than the size S3[n] of the
nth depth map extent Dn." [0373] The m ni mrum val ues of the sizes of the
base-vi ew extents 20 _and de en eRt-\{i W xtents orgt%g%% isc 101 in

Enbodi ment 1 of t he kbsdatilnvienton—ax £204 Lay)l ¥ —exptesded by the

ri ght-hand side of Equations 4,\ 5 @nd 6\ As a resflgspupderf | ow does not
occur in _either of the read buffers 4221 and 4222 during playback of either
2D vi deo [Pﬁéaés or 3D video inmages fromthe 25 BD-ROM disc, and it is easy

to appropri ateIX set the sjize of extents to further reduce the capacities
of the buffersSiPp3241Y . ERRPEFHR i i RS the3gmpunt of dafa)tiafhodi ment

1 of the,present ipyentiqn pertains to the arrangenent of extents when
storing 3D SAHEES 68%‘%?‘?%%%’8&%%1’%3?6%2 fevery thretppdssms
oot nEEAR O SRR T y A hpdsPE EReTneEReF el ® P iidoo can
R o R B R R T L

ar T angonsbioe S <08 FEERRL A "B e R Rt erE A balk adn ce tna

only suppgftgi%i-dg0;pl t normal frame rate can play back video for
t he odd-nunberelctlg?r éﬁe%é?%gl%o r(:)%'t he recordi ng nmedium Conversely, a

pl ayback [ggy¥gge that 15 supports video playback at a high frane rate can
choose to play back video for only the odd-nunbered frame group or video
for ot hehtiaeeodr @dps. In this way, conmpatibility with a playback device
that only supports video playback at a normal frame rate can be ensured on
a recordi ng nediumon which a high frane rate 20 video is stored.

UL2 =CEIL %ﬁx(szwﬁ—-——gstDJ]
ud-3D
[0349]
The first buffer margin amount ULl is set to the larger
of the values corresponding to the right-hand side of Equations
15 11 and 13. The second buffer margin amount UL2 is set to the
larger of the values corresponding to the right-hand side of
Equations 12 and 14.
[0350]
<<Guaranteeing Buffer Margin Amounts by Using a Margin
20 Time>>
[0351]
The buffer margin amounts ULl and UL2 are guaranteed in
the following way. First, a margin time is added to the zero
sector transition time Tyymp-o [n] substituted into Equations 5-8.

25 The margin time is, for example, 100 ms. In this way, since the
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[ 0376] (2) Enbodinment 1 of the present invention assunmes that the

| eft-view streamis the base-view stream However, the right-view stream
may al so be the base-view stream In this case, 25 the |left-view stream can
be conpressed as a dependent-view stream using the right-view stream

[ 0377] (3) In order to accurately calculate the extent ATC tine
when t heMABARURr eXEERE FiAe IRegnlatgads athe creeweulater Hatee AMPDLSt 0 t he
system target decoder 1803, as shown in Fi is evaluated, the size of
each extBAt e88A PA2réguFheceyead Ruffged ﬁﬁgﬂlﬁpé 4R2@hansEEREE PacRet

| ength. Furthernmore, when a 5 particular extent includes nore source

packet s Pﬁﬁﬁeﬁ:ﬁ@lﬁﬁfﬂﬁ‘m@t eRehstinefa PRLTt Bk HpPBaacYi8Y SHEHUABE of
source packets exceeding the nmultiple and the transfer_tine squrce
packet aﬁod???lyd?%%‘%&?‘érﬁxm tlﬁ S AP R s HHd Ry TS ?]H%H%Iﬁp R 1€an be
considered to bﬁ § extent AT for the 10 particul.ar eg%ent
Addi t3 on F9§ PRe®BRt eht %ﬁ@’f H%g Yin P RATRY AL TATEPSE o) the

val ue of _t nterva he f p sourc acket i.n a

oxt ont _UREEERERCEINS 1 2hed) B0 EeEs A e azra’ PAS HRAE e ha (i v)
the tran e o] e_packet. In this case, reference to the next 15
ext ent |§ unnecggggry ? HE"S F%ul art gﬁng‘fee?ﬁe extent ATC tinme, and thus the

cal cul at i[ % gsjm be sinpli f| ed. Note that in the above-described cal cul ation
of extent ? time, the occurrence of waparound in the ATS needs to be

taken into conﬂg%r agbgnané%-@]ag@ a%\%%| fHITH

pai r of pictures~belonging to the s ge access un|t ve the

samg PTS;aRAmkAE eaEa P SandGE & ialdng phbe 1 RTenande4d S d Qedlgdt 0 one

picture in one of the pairs of pictures nmay be | ater than the PTS and DTS
al | ocat eanaazztizeweéherm&fgiﬂn»_emey:_@aaaeeeé&mbm@éeeaeyrttr,arelstlo% hal f

cycle. In this case, the switch 4310 shown
time. In the following explanation, 3D video images are assumed
to be played back in L/R mode from the top of the extent groups
shown in Fig. 49. This explanation is also applicable when 3D
15 video images are played back in depth mode and when 3D video
images are played back from an arbitrary extent via interrupt
playback.
[0353]
First, during the first read period PRzl, the top
20 right-view extent R1 is read from the BD-ROM disc 101 and output
to the second read buffer 4222. Meanwhile, the system target
decoder 4203 is placed on standby. Accordingly, in the first
read period PRyl, as shown in Fig. 57B, the accumulated data
amount DA2 in the second read buffer 4222 increases from 0 at
25 the 3D video image read rate Rya-3p-
[0354]

When the end of the top right-view extent Rl is read, the

first zero sector transition Jy1 occurs. During the first zero
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in Fig. 43 would output the 2D/l eft video plane data 4301 and the right

vi deo plane data 4302 to the first adder 4311 in order of PTSs.

Furthernore, the buffer switch 4606 shown in Fig. 46 would transfer video
access units accunulated in the EB(1l) 4603 and the ES (2) 4610 respectively
to the conpressed video decoder 4604 in accordance with the times of DTSs
shown byseritginbtafSi phekaitesrids] ®3¢9] reading o5 Hasrviigoh Hehes BDe ROM
attribute information 3821 in the dependent-view clip information file 3802
shown i ndikpg.1@85s susweridtsb ¥Mearahi det riHsuses tah cemgeitote cedrr 420§ t he
dependent -vi ew stream may have an additional flag indicating 10 that

r ef er enc EORG1EHEShR &bginslvost.r EhareEonec edvinyg frdre 8éteotisrrokecher
dependent -vi ew stream Furthernore, the identification information for the
AV streahFPPFetLiRAIPEHEPY R It hehp aecwielpEed emharafoansoPht igudde to the
video streamattribute information. In this case, when verifying whether or
not the I5T84t BeRARUFECY A7 PECOEBEJ2BRUNHEAEPE AR aRRIHedR L ABat ed
according to a sggcifisd format during the authqring process of the BD ROM
di sc 101FPPhESSAPEabrRAt PUbferné2edr PESpEREBNREIHEPABER FRESEASE-vi ew
strean1ag§ %gz dependent - vi ew stream can be assessed using the

above- des€FPBéd additional information. 20[ 0380] (6) The 3D neta

data 3814 showp in Fig. 39 be set, f le, f. h plape, unlik

the setting Ton ClhEBEBLAEhE Aot RSERES T ¢ oFw Lo Bag OB
| ayback _dgyi i ool | ysi the 30 neta data. Additionally,

ok ng | Stazoo e 8ebedd cfRToiteR habitbiood s bRk bs AE a8 co i t

regaydls %gr%gﬁ ﬁﬁﬁ@%%}%ﬁ@?tm{rc?i%%ﬁéﬁ%nf%’ld%%i%&f%rgﬁi BEQ"RtoWa”p' €

one seco r 1 onger place eng € valid SeCtion of

the of fsgtseni gy add Gud o the firsé?eé@ e &X e %’I@g‘ﬂg@fgeﬁ g. 40A

an extent start flag 4015 1s newy added to each entry point

:ﬁg: tei onghbysysben Wit RIRRL1CI80%CHel Bgathe G &Y PR Hrdtlls figr an

the second read period PRyl. Accordingly, as shown in Fig. 574,
the accumulated data amount DAl in the first read buffer 4221

15 increases from 0 at a rate equivalent to the difference between
the 3D video image read rate Ryg-ip and the left-view transfer
rate Rexti-spll], OY Rug-sp-Rext1-3p[1] . Conversely, as shown in Fig.
57B, the accumulated data amount DA2 in the second read buffer
4222 decreases at the right-view transfer rate Rexea[1].

20 [0356]

When the end of the top left-view extent Ll is read, the
first jump Jizl occurs. During the first jump period PJwrl,
reading of the second depth map extent D2 located immediately
after the top left-view extent L1 is skipped, and thus reading

25 of data from the BD-ROM disc 101 is suspended. Therefore, during
the first jump period PJ1zl, as shown in Fig. 57A, the accumulated

data amount DAl in the first read buffer 4221 decreases at the

left-view transfer rate Rext:-i3p[1], whereas, as shown in Fig.
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5 switching flag may be used as the area for the extent start flag 4015.
Here, the "angle switching flag" is a flag indicating whether or not the
entry point has been set at a position in which the angle can be changed
when the AV streamfile is expressed as nulti-angle video images. By using
this one bit 10 area as both an "angle swtching flag" and an "extent start
flag," thE&Bothe dicumwlained idatchemenntyDARPLIB828 sanohd reibadfem this
case, another flag indicating whether the one bit area is being used as an
area for 4@RRhéecieagesanthéheewlighidaddew ¢ remesfem rpteaRehedtibr 4011. By
checking this flag, the 3D playback 15 device can pronptly interpret the
above- ded@BPHéd one bit area. Accordingl y, the 3D playback device can
pronptly switch between pl ayback processi ng of nmulti-angle video i nages and
pl ayback pr oce&?r?gaa%mhsl@uﬁ@iéata@dwt L0381 seopBy u9Ad Reffar 4222l e
shown_in Fi i pformation other_than the extent start flag 4015 can be
used ¥ or %&%ﬁﬁ?@?% rﬁa?ePSFlggt BRnly BePonbifigtzs Secall it dRT il e.

For exa size qf each extent can be stored in_the clip
ot or mat 6% T TR S S C SR L A Tt Ay SO B BT 150y CBF B 9%
ted t th t A th
o st or e g%ﬁatf‘s?%‘%ﬁe%ﬁ%% oY i £ leE Bt r%c%&%ua%&oaﬁf%?&”?ﬁe“y
t [ 10t { . .

(9 in e AR R B ARg Rt S sk TheRr zae“rzfgéeﬁﬁarm#gﬁ%& of

t ent , bl
Sﬁ eﬂa\s;e tﬁle sh“ﬁ%ogll—ent %&Meﬁ (H(g’l[ Eg?pﬁ%’t‘g%&;ﬁghéggéphe Pex*?:aﬁt sy
has {91e sas dhH{S enanskl.AL3 FEO MNP LABARONLLE RAGKAL 1bBS1 B8 il ent o

the top source p inthe next extent. I'n this case, in fhe sane tine

measur ed shyche tAlGett Bocblibst 4504 Cﬁc@@ﬁ?éﬁiﬁ@ﬁ%zeiihéfséi-zéeé ches dﬂ%ﬁoac kets

fromall of the solrce packefs in the base-view extent 10 LR and out puts

themto the kiopst-iBhk hikhelkex4eh3 rand 4 he:3RE0NGSPUIHL HRRAGKRII#er 4612

fetches TS packets fromall of the source packets in the dependent-view
extent DRrehsRerded Fdiithd hesadd theagesandel! D2bbl tey 4Rldysten

Accordingly, in particular during interrupt playback, the 3D vi deo decoder
4615 canteasjelty dkogigrchrvoni zeofieendi Bgcphacessiingeof odSppac katrsolrpt ween

t he base-vi ew stream and the dependent-vi ew stream [0384] (10)
The ¥xt enhegf bups jsigwpertiolli BT 49 Amp rashlde,at nhkeatd off the fepith nap
stream two or nore different 20 right-view streans. In this case, the

ext ent s bempngemgotioP@adh sisr samwnouhdFbe . as 7TRaNgeEle adammatated aiattzhe track
on the ED-ROM disc 101 simlarly to the interleaved arrangenment shown in
Fig. 49. amgrnitePAdri thee ssicoadofeadchutkerm2amuing realsfs kocanditueons

simlar to Equations 4-8. Specific details are as
DM2 larger than zero. This value DM2 is evaluated as the product

of the maximum value Rpax; of the right-view transfer rate
20 multiplied by a margin time, e.g. 100 ms: DM2=Rpax>XTjump-0[1] .
[0358]

At the point the first jump period PJ;rl ends, the third
read period PRz2 begins. During the third read period PRz2; the
second right-view extent R2 is read from the BD-ROM disc 101

25 and output to the second read buffer 4222. Accordingly, as shown
in Fig. 57B, the accumulated data amount DA2 in the second read
buffer 4222 increases at a rate equivalent to the difference

between the 3D video image read rate Ryg-zp and the right-view
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25 follows. [0385] ’ First, fora shared base-view streamfile, it is
assumed that N types of dependent-view streamfiles 1-N are recorded. 178
Here, an integer Nis two or greater. In this case, a plurality of

base-vi ew extents and a plurality of dependent-view extents belonging to
the (k-1) th dependent-view streamfile (k=2, 3, 4 ... Nt+l1) are alternately
ar rangedtoaesfigronetenRihel BD- ROMFaqadbsRexIDR] | equararisallyar assisiidver to t he
i nterl eaved arrangenent shown in Fig. 49, the nth extent in the (k-1) th
dependentnvFegy sttRearbl bechmuphieddddbes wemntth®Alt hnbalke-fdmt exeeeht and
the (n+l)th base-view extent. To seam essly play back video fromthese
extent gPBfifsr 437l spreimaseinfleoreane ak Bhedeft-yiew tyanpfengabs ew
extent and the size Sextk[n] of the nth extent in the (k-1)thdependent-view
stream f Reeeishbbl d fulfill the following conditions. [0386] During playback
of 2D video inmages, when the junp from 15 the nth (an integer nis

suf fi%i enPPy2large) base-view extent to the (n+l ) th base-vi ew extent
requires a ting length Ti ur’r@-ZD , each_base-view extent is read into the
first read buf FBFRAZA end Qb Ghe FEAMTD I 1GNF THEDEXESHERA st &t le i s

t f d f he first d buffer 4221 to th t. t t decoder 20
1205 at EORCRTCTH 93P FRRFO AT AN IR R SR P 1R SO nih

base- vi ew eét egt shog{,d leJ fill_ Equati 8._ [0 8742 E,%u ti or%rlcﬁn %%xea [n] >
Rud 2D XSRERt SS5EPR] E ARG SERBXPEE SO nf D STO ST
BD-ROM disc 101 is suspended. Therefore, the accumulated data

10 amount DAl in the first read buffer 4221 decreases at the
left-view transfer rate Rexti-ap[2], and the accumulated data
amount DA2 in the second read buffer 4222 decreases at the
right-view transfer rate Rexe2[2].

[0360]

15 The accumulated data amount in the first read buffer 4221
during the second read period PRpl, i.e. the size Sext:[1] of
the top left-view extent L1, is at least equivalent to the
smallest extent size expressed by the right-hand side of
Equation 5. Here, a margin time, e.g. 100 ms, is added to the

20 zero sector transition time Tyump-o[2] . Accordingly, the size
Sext1[1] of the top left-view extent L1 is larger than the data
amount transferred from the first read buffer 4221 to the system
target decoder 4203 from the second read period PRyl through
the second zero sector transition period PJy,2. As a result, at

25 the end of the second zero sector transition period PJy2, as
shown in Fig. 572, the accumulated data amount DAl in the first
read buffer 4221 increases to a value DM1 larger than zero. This

value DM1 is evaluated as the product of the maximum value Ryaxi-3p
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During pl ayback of 3D video i mages, when the junp fromthe nth base-view
extent to the nth extent in the (k-1) th 179 dependent-view streamfile
requires a tine length TFju"p-k-3D [n] , the junp fromthe nth extent in
the (k-1) th dependent-view streamfile to the (n+l) th base-view extent
requires a time |length TBi unp-k-3D En] , each base-view extent is read into
the firspfirgdm l8fbutfiew U22iser aatatreu Rutp BBrd dych mexrigémt timef lee g(.k- 1) th
dependent-view streamfile is read into the second read buffer 4222 at the
rate Fual8f, mgndDMheRbases¥Tam-s{2kamfile is transferred fromthe first
read buffer 4221 to the systemtarget decoder 4203 at a nean rate of
R't1 3D[nP361ldhe size Sexkl Enl of 10 the nth base-view extent should
fulfill Equation 19. [0389] Equation 19 Raul -3DX Ran- 3D n] Sext k[ n] Sexti
[n] x TFj unp- kB3DESPe3tingBFhfpako3Er ARSREGPSE REPCESSD] FPRéd Ei8B [20390]
15Furt hermpre, _in_playback of 3D video inages, when the junp fromthe nth
base-§/i eRPeXt¥he Jt%f’%hﬁél?‘f’hei‘)tecnﬁ aReentiphtr Né Spieyemt d’éﬁeﬁ%‘ﬁtl-nﬁ%w
streamfihg requires_a tine length TF unp-k-3DEn+l], and the (k-1)th
dependent? iﬁﬁgatg‘égﬁ‘???l‘éz?‘% %‘g‘én"sﬁ%é'r e‘g‘% T RO IR e APBE Ter 4222
to the s em t. decoder 4%?1%0 at an.r of Rextk j%)y[st?_l , the
iz SexDRl AP B2 tHb T SERCL A AN a JEh- SPehT CeperRIHEA0T & Stfeam f1 1 o
shoul d f%&&hgg %Mfuéﬁgl3&2.[g§g%kd§ﬁ%§§ho%ﬁ%é a certain number of
extents have been read into the read buffers 4221 and 4222, the
10- buffer margin amounts ULl and UL2 are guaranteed. For example,
when the margin time is 100 ms, in order to guarantee the buffer
margin amounts ULl and UL2 required to prevent underflow caused
by a 700 ms jump, the above-described process should be repeated
700 ms/100 ms = seven times.
15 [0362]
Conversely, as long as no large jump occurs, the
accumulated data amounts DAl and DA2 in the read buffers 4221
and 4222 continue to increase by values DM1 and DM2. Therefore,
when the accumulated data amounts DAl and DA2 exceed a
20 predetermined threshold, the 3D playback device interrupts the
read/transfer operation of the BD-ROM drive 4201. In this way,
the 3D video image read rate Ry-3p decreases, and thus the rate
of increase of the accumulated data amounts DALl and DA2 is held
down. Overflow in the read buffers 4221 and 4222 can thus be
25 avoided.
[0363]

<<Minimum Capacity of Read Bufferss>>

[0364]
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X Rodk_3D[n] S exn[n +1] 25S "gc[n] Rwl-3DX TB junp_k-30[12] ++ TF p3D[ n +1]
Rud_3D Rud-3D Restk-3D0[ ni [0392] . (11) When playing back 3D video
i mges fromthe extent groups shown in Fig. 49, the buffer margin tinmes ULl
and UL2 are guaranteed by successively reading a certain nunber of extents
into the read buffers 4221 and 4222, as can be easily 5 understood from

Fi gs. 57A and ¥hen e srdpngepenition lidrecBReReM iddw ek 0 & rifs thé aoamkriiat ween a
starting position of interrupt playback and a | ayer boundary LB, there
woul d bePglenginoh&e tihe F€wrreardt theaiansentesbaibedd aba¥s,n tittee read
buf fers 4221 and 4222 m ght not reach the buffer margin anounts UL1 and 10
13L2 bef BAEH{HE Vakpeprdddedcaparayéessveaehied. famthedeead dufifising t hat

ri sk, interrupt playback should _be prohibited in extent groups |ocated a
predeterﬁ?ﬁédaﬁ@nﬁ@%zoﬁr@xF€#9§hﬁ%%9ﬁ%ﬁ(ﬁ%}ﬂﬂﬂﬁore a | ayer boundary LB.
[0333% 13%ig%] 58A and 583 are schematic diagrans show ng the relationship
bet n d&ction in which i nterrupt playback is prohibited and the change

of the accunul ated data.amunt. DAL i.n. the first .read buffer 4221. As shown
*n Fig. Soa t HBSHeRIRYHaE HATEmD OIS BrASechiiy ELRREXt bR T PT, and

€TV CYpRnHbaR, 9hO8Pabr LS SELO"ARE A0 ROL NV EL SRYEL LA O
capacity RB1[n] of the first read buffer 4221 should fulfill
Equation 15.

10 [0366]

Equation 15

RB1[n]=CEIL [UL1 + Rud—w — Riwiosnl?] % S extl[n]j
8

Rud—SD
[0367]
On the other hand, when playing back 3D video images in
15 L/R mode, in order to read the nﬂlright—view extent Rn, the
capacity RB2;z[n] of the second read buffer 4222 should fulfill
Equation 16.
[0368]

Equation 16

20 RB2 p[n]2 max{CEIL (ULZ RECPRY, 8‘ Rz Sexn ["]j, Sext2 [n}}

Ry sp
[03609]

Here, any of the right-view extents may be read first by
interrupt playback. In that case, as shown in Fig. 57B, the
system target decoder 4203 does not read data from the second

25 read buffer 4222 until the entire right-view extent is stored

inthesecondreadbuffer4222.Accordingly,unlikethecapacity
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two recording |layers separated by a |l ayer boundary LB, simlar to the
arrangenent shown in Fig. 49. The interrupt playback prohibited area 5801
is set for extent groups consecutively |ocated a predeterm ned nunber of
extents imedi ately before 25 the | ayer boundary LB. Interrupt playback is
prohibited in the interrupt playback prohibited area 5801. In the exanple
shown i nRBldnl5gA, the Mbierstherdad ufdetr ¥2pdi nth&&kpacsi Hyo&areddefodr e t he
i nterrupt playback prohibited area 5801, interrupt playback at this point
is all owtdte @eradnrd orhed Mafdersi4R22 t heedecod BmrtlyepoEni £5812 tihe | ocat ed
in the interrupt playback prohibited area 5801, interrupt playback at this
poi nt i sCpreRitiiore@f peang] "ski §eassBlpsggrgehph shewshgetPecchdngd of the
accunul ated dafa anmount, DAL in the first read buffer 4221 during interrupt
pl ayback thfom t HetFhtrstiesntextepl Mn5811. This interrupt pl ayback is
perforneg i.n L/ R node, and in accordance with the playback path 5810 shown
in Fﬁb. 8A70%he left-view extents L 10 included in the area fromthe first
entry point 58%%'to fhe,la¥§% boundaQ%DLB are read into the first_read
buf fer 4221. A'“FRE-IYHRY ksABWAL 4P BIGIessBR 48RP PPRE oL T 1198 ew
ccunul ated d 1 _increase

cxien Lebs RLoesacto Uic sogum ated dalo aupunt DAL ngLases. U1 o
(he Iarershoundaty VB yeall ito e Lirsteread Ul er dgotothe

Thereforgo3g&?n1the starting point of the junp Lily that occurs inmediately
afterwards to the point when the top of the next left-view extent 5803 is

read,n un ls does not occur in the first read buffer 4221. The sane
IS S%%e g§$gtﬁgwgégond read buffer 4222. [03951

RB2,p[n]2 max{CEIL (ULZ + Rud—wg_Rmaﬁ S ["]} Sexrs [n]}

Riasp
~[0372]
Similar to the right-view extents, any of the depth map
extents may be read first by interrupt playback. Accordingly,
15 the capacity RB2;p[n] of the second read buffer 4222 needs to
further fulfill the condition of being "at least 1argef than
the size Sexts[n] of the n™ depth map extent Dn."
[0373]
The minimum values of the sizes of the base-view extents
20 and dependent-view extents on the BD-ROM disc 101 in Embodiment
1 of the present invention are clearly expressed by the
right-hand side of Equations 4, 5, and 6. As a result, underflow
does not occur in either of the read buffers 4221 and 4222 during
playback of either 2D video images or 3D video images from the
25 BD-ROM disc, and it is easy to appropriately set the size of
extents to further reduce the capacities of the buffers.

[0374]
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Based on the above description, the length of the interrupt playback

prohi bited area 5801 should fulfill the 25 following two conditions: (A
the nunber of left-view extents |ocated fromthe top of the interrupt

pl ayback prohibited area 5801 to i medi ately before the |ayer boundary LB
shoul d exceed the val ue yielded by dividing the first buffer margi n anount
182 UL1 by t heOwaeyiModifkcabhdngB) the nunber of right-view extents

| ocated fromthe top of this area to immedi ately before the |ayer boundary
LB shoul d02%Eéed the val ue yielded by dividing the second buffer nmargin
amount UL2 by the margin tinme. 5(03961 . The interrupt playback

prohi bi t ed ar ehl bdybqdimgsdcilfeledhexpeenD isivayidcn sevreens iq ke
following way. First, in the clip information file corresponding to the AV
st ream f FFEARGERAREN dackr &S ieht WBERomFOT 1A i 3R eV LEBO PIMRASECICHr 8hi bi t ed
10 nark is adged to each entr% goint 4012 in the entry map 3823 shown in
Fi g. 240ASTREALNG BRAUPD - pRAYBYRk: pri¥hi B SR hdmrentdon Gegy24f@ PRdi cat es

whet h th iti N h t t by th 1 int i
ol ugedoPRAet AEPRRC H IR ERERS SR T SHoa e S L A, MBS
P DR KoEELE S enT o e hac eatmil e RS M i T e P RR8C KR! w0 Y €0
h i i 2. t he.int back hi bited k i th
oI, | faTklacdli € e il LY FiBhe R AURaE DEa L O e B 1 N
whet h t Al it . i i i | uded
e e a8 gl ol SLALI 8aROBL | Ll e I} B U 0 PLAY RGP Al uie
n an i ntSPrupt preyack cd ar &3 5507 nat” the “heer up
PhataR° Ko MR PR e BRI BE IR B 2o BLBM: AR Tckon - 1
I nterruptngl aybackeRbndDot A8 dfR0es ddc3ibat ayRagkhLdayheRCaN 25

determ ne whether “or not to permt interrupt playback by meking the
pl aybac k%mg?ba@k V143071 fhar, ts%pbhﬁ*t'sn{fﬁaé&i%lﬂr@é(@ﬁ% R aBi-hitied mark
in the 3D playlist file. (0397) (12) tents belonging to a

di ff er enfréhberdhmaahhngl &Y sddieanbbl 85r e 8dLAGRKELEG] frdnke g%hgnt
groups in an interl eaved arrangenent shown in Fig. 49. Such a different

file mayfréoartiexarqdexdiiey reeiinmyi eoabkeetkll/, | & pPhdhadibeiddck @bject 5
file 246A, or the JAR file 247A, which are shown in Fig. 2. Fig. 59 is a
schamat i sugpagt anr sheawplgyidaekaat sngement rahe 4t € xbenthgosdpso plasuch a
case. As shown in Fig. 59, an extent Ex is inserted between the nth
| ef t - vi ebaektebdetnfandrilhe thet+bdidehundbptedmipaszt @gndud(aw Midekhéoki | e to
which this extent Ex belongs is 10 different fromeither AV streamfile. In
thi s caskothhkramsegudups oflrexhdist wapel opghagilbolatyiwtbtehed aytackt he AV
streamfiles is prohibited in msets of extents arranged consecutively
i medi at éeyipefdrat ohd YeRuppores video pbaibark)at R ponwa) f1gmwe malbe,
D(n-m+2), R(n-mt2), L(n-m+2), Dn, Rn, Ln. Here,

can be ensured on a recording medium on which a high frame rate

20 wvideo is stored.
[0376]

(2) Embodiment 1 of the present invention assumes that
the left-view stream is the base-view stream. However, the
right-view strearﬁ may also be the base-view stream. In this case,

25 the left-view stream can be compressed as a dependent-view
stream using the right-view stream.
[0377]

(3) In order to accurately calculate the extent ATC time
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15 three types of consecutive extents Dk, Plc, Lk (k=1, 2, 3, etc.) are
defined as a set. Furthernore, the nunber mis at |east equivalent to the
val ue yielded by dividing the buffer margin anounts ULl and 13L2 by the
margin tinme. When these msets of extents are read in order fromthe top
into the read buffers 20 4221 and 4222, the accunul ated data anmounts DAl
and DA2 estegedhehwebof frangiiegi nabevRunt sofldaaadt bR . tHe coral MglAfeninder f
| ow does not occur in the read buffers 4221 and 4222 whil e reading of the
extent EX802 Fei hgeskiyppen bgrohe denedeant &893 subseshuewnt jurfig 25{203981
Here, in the regulation showm in Fig. 24, when the junp di stance exceeds
40, 000 sé& dyaluaped cdheespondiinep sy tantecardmneegslghediasaatiixddnger .
The buffer _capacity necessary for such a long junp tine can easily becone
excessi vaW Hidrlge Ofackle dpRYEYe PRcketprigngdbl eFuhbbherhersi zwheh tehe
extent Ex be set so that the interval between the |eft-view extents Ln and
L(n+13 pPREEd SUhRddi BF et bdRGrEdssd MP%%r SPHECEXRARKISE S5then dldeed

back 3D video i mages from

he oxt oRUIGTBISS SRouAtTnoF: 411 48be CREoGTF ot GRS AL Gnd U2
The T ond IRTESFeASYIaTha bl EEPLahby tBa Prentlte rersuner so e, 574
T oam | FRERERG AR L e BB Rt AR G oA o e He RS ES g by e
i oo 101 SrsredB,aE B ERAGLI RN Lo ReneE SRR OB AR B itad i nto
b1 200 B Tl asr AeR ettty s, SRR AT B G T

i ther faldles pagl ndi pg b ' :
I oer i Seanel g dile SO BESPONY BADVRLEE SRS MR o Piedh? o

interruption by 20 read processes 0 es my

In the exaephessdpWhd - JY géuréé/’%;é@ﬂeé@u a&@%&t%n%egh%w Eﬁg‘ggfst £ extents

have been successively réad into the read buffers 4221 and e buffer
mar gi n apeni sstlsbwantd Phekds &% e HaU3AAR eedenfddid i(904! &B{? tfihsfer

buf f er mar gi nanounts UL1 and UL2 maybe guaranteed i mredi ately after reading
of the AYiskr @atn toluese phekkhe Teadnbel ferse 422k and4222 hag hggun using

t he net hod descri bed bel ow. | medi at el yaftertheBD ROVIri ve4201 185

15 extent is unnecessary for calculation of the extent ATC time,
and thus the calculation can be simplified. Note that in the
above-described calculation of extent ATC time, the occurrence
of wraparound in the ATS needs to be taken into consideration.
[0378]

20 (4) As shown in Figs. 35A and 35B, a pair of pictures
belonging to the same 3D video image access unit have the same
PTS and the same DTS. Additionally, the PTS and DTS allocated
to one picture in one of the pairs of pictures may be later than
the PTS and DTS allocated to the other picture by a predetermined

25 amount, e.g. a half cycle. In this case, the switch 4310 shown
in Fig. 43 would output the 2D/left video plane data 4301 and

the right video plane data 4302 to the first adder 4311 in order

of PTSs. Furthermore, the buffer switch 4606 shown in Fig. 46 .
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starts to read the AV streamfiles, this nethod makes the systemtarget
decoder 4203 wait to perform decodi ng processing not only during readi ng of
the first dependent-view extent, but also until a predeterm ned tinme has
passed after reading of the first 5 base-view extent begins. This
predetermned tine is set so that, during the standby period, a sufficient
dat a anoweuldg transtemylisiee facehe urgidts boffimud as2gdlimnded@R 1) K6 0Bhi s way,
when readi ng of the second base-vi ew extent and dependent-vi ew extent

begi ns, &R Hee Er2at €01 datesramiunsLlYDAD trrl cOMRrassetovdees®rodsimt ai ned
at the buffer margin anmounts ULl and UL2. [0401] Fi gs. 60A and 60B
are gr apf$0éhadii I FEERIRINGE othehblnes upt I RES s§eta Aot $113 Ténd DA2
in the read_buffers 4221 and 4222 when this nmethod is used on the extent
groups sRE®KSE5-in Fig. 49. In the followi ng expl anation, 3D video inages
are assuTed t? be played back in L/R node fromthe top of the extent groups
showr i n @?a? 49. This explanation is also applicable when 3D vi deo inmages

I db in_depth node and when 3D video_i mages are pl ayed_back from
SRR e W L T et Ltk Pl N

oxont MERGRERLY RS Seber MRt po sect oc UL TLl Eard e S o ere
sector VRIS U | T L doce sUbsLuel |akg gy ons, 5 and o
(L0 St ok Rt b0 b B RO L o0l Sl e
" 9.1.80crkhe-ccchtul o st g-ammunl, DA WG SECANY eSS 207
of the fieStnseatbdfid Al PRRL sthef | bt cBR RoreeCtRE fdaNSidi o Ref i od

PJO1 starts. During the first zero sector transition period PJol, reading

of data finhgwridheiBR ROM s avlfirbanstspendad: iTheiekar ene thasaceuy! at ed
data anmobunts DAl and DA2 in the read buffers 4221 and 4222 are both

mai nt ai ng@ r&@mConSy akfl.so be added to the video stream attribute

information. In this case, when verifying whether or not the
15 data that is to be recorded on the disc 101 has been created

according to a specified format during the authoring process

of the BD-ROM disc 101, the suitability of the correspondence

between the base-view stream and the dependent-view stream can

be assessed using the above-described additional information.
20 [0380]

(6) The 3D meta datva 3814 shown in Fig. 39A can be set,
for example, for each plane, unlike the setting for each PID
as shown in the figure. In this way, the 3D playback device can
simplify analysis of the 3D meta data. Additionally, taking into

25 consideration the performance of the 3D playback device with
regards to the plane combining process, a condition of being,
for example, one second or longer may be placed on the length

of the valid section of the offset entry.
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[ 0404] At the point the first zero sector transition period PJO1
ends, the second read period PRL1 begins. During the second read period
PRI,1, the top left-view extent Li is read fromthe BD ROM 15 disc 101 and
output to the first read buffer 4221. However, the systemtarget decoder
4203 continues on standby until a predete_LLained tine dt has passed from
the starf088lihe second read period PRI, 1. Accordingly, as shown in Fig.
60A, the accunul ated data amount DAl in the first read buffer 4221 20

i ncreases from(0) gin the SEmpbeshowagen Fdgd £6ke FRUEXEPNtCGHIRRY SeBY, as
shown in Fig 603, the accunul ated data anmount DA2 in the second read
buf f er 42925j%s mwﬁﬁfa@ﬁ‘éﬁd&?@ﬁézﬁtemfmmlf\méﬁl?heqciﬁjé@éit@lfﬁme&hﬁl me dt
has passed fromthe start 25 of the second read period PRL1, the system
target JdEBBABAC42082 §SREEVES: ¢ SAGDSEREEY POIFEad0dRd L9&c a8 28GdFce
packets from %he read buffers 4221 and 4222. Accordi ng % as shown in Fig.
60A, X heSFALENAPI W3R ey B YR a8cthRiIPAEEIT Qb DRI TPREt WAL S Trlef read.

buffer 4 reases. fromthe 3D.video i e, read r Rud 3D _by the
| eft-vi eéﬁ?an FEF r GP8 RERFILS3BWLE r’rP@rgg &§ EnowAdi HFIGAE08, the

accunul at ed,_dat a_ano t he secand read b ffer 4222 decreases by the
ri gﬁt-vi & Fggﬁs?grnguga}:lael;\%g%{?y[& int Otfﬁ%(ﬁeen E eté‘r?&l of* thg top

| ef i i Ji Ki
e s e st B ey 3 o
1 L , t
ohon, 10sERegRHb B9 A0S LEsk LU 08T ROEDL B w25l g ot o Lhe
accyml ap ed,dgtayagpual Dé‘i"llg'l% tsl’s]ﬁtfch&% “f%%gy"b‘éfnfder 42%&6&‘%%;0 g% at the

left-view transfer rate RtT_ wher e shown 1n the
accunul agedgdat@, 2pBHAY Wvbﬂuh@eln the entry map 3823 can be reduced.

In this case, another flag indicating whether the one bit area
is being used as an area for either flag can be newly addedv to
the entry map header 4011. By checking this flag, the 3D playback

15 device can promptly interpret the above-described one bit area.
Accordingly, the 3D playback device can promptly switch between
playback processing of multi-angle video images and playback
processing of 3D video images.

[0382]

20 (8) Unlike the example shown in Fig. 40A, information
other than the extent start f£lag 4015 can be used for determining
the size of extents belonging to an AV stream file. For example,
a list of the size of each extent can be stored in the clip
information file as meta data. Additionally, aplurality of bits

25 associated on a one-to-one basis with the entry points in the
entry map may be stored apart from the entry map. Each bit is
set to "1" only when the corresponding entry point is set to

the top of an extent.

177



15 second read buffer 4222 continues to decrease at the right-view transfer
rate Rext2 [1] . [0407] Unlike Fig. 578, in Fig. 60B, data is not
transferred fromthe second read buffer 4222 to the systemtarget decoder
4203 20 until the predeterm ned time dt has passed fromthe start of the
second read period PRI,1. In other words, the anount of tine that the
accunul afegd8dat a anount DA2 in the second read buffer 4222 decreases is
shortened by the predetermined tine dt. As a result, the data anmount
transferred fr6M thetbecbnbereadved anfIrgeueyy showrhanskksy et althet
decoder 4203 fromthe second read period PRL1 through the first _ junp period
PJL, Rl i EhERE| C¥PeEheh EFEeditie DooxtRD [ BNGf LR heWhdphr RgKE- FREFIEREent R1
by the second buffer, margin anount UL2. Accordingly, at the end of the
first juRPAPRRFBPIRLIHsPIREGHPAYR YL 1608 theSans 6KtFRF A D&t anpunt
DA2 in the second read buffer 4222 does not fal| bel OWC{-H_:G second ,buffer
n’argisn aﬁﬁuﬂ?hﬁﬂoﬁQﬂO@Ch of the extents has the same difference in

ATS from the top source packet in the extent to the top source

packet in the next extent. In this case, in the same time measured

by the. ATC, the first source depacketizer 4611 fetches TS

packets from all of the source packets in the base-view extent
10 Ln and outputs them to the first PID filter 4613, and the second

source depacketizer 4612 fetches TS packets from all of the

source packets in the dependent-view extent Dn or Rn and outputs

them to the second PID filter 4614. Accordingly, in particular

during interrupt playback, the 3D video decoder 4615 can easily
15 synchronize decoding processing of TS packets between the

base-view stream and the dependent-view stream.

[0384]

(10) The extent groups shown in Fig. 49 may include,

instead of the depth map stream, two or more different
20 right-view streams. In this case, the extents belonging to each

stream would be arranged alternately on the track on the BD-ROM

disc 101 similarly to the interleaved arrangement shown in Fig.

49. Furthermore, the size of each extent would fulfill

conditions similar to Equations 4-8. Specific details are as
25 follows.

[0385]

First, for a shared base-view stream file, it is assumed

that N types of dependent-view stream files 1-N are recorded.
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5At the point the first junp period PJLRL ends, the third read period PRR2
begins. During the third read period PRR2, the second right-view extent R2
is read fromthe BD-ROM di sc 101 and output to the second read buffer 4222.
Accordingly, as shown in Fig. 60B, the accunul ated data anmount DA2 in the
second read 10 buffer 4222 increases at a rate equivalent to the difference .
bet ween Hhwze3mwiiddedamlelis daw pater&ade8D andhtisecasghta pilewalligysf er
rate Rext2 [2] , or Rud-3D-Rext2 [2] . Conversely, as shown in Fig. 60A,
t he accuniilkasedhew carems @ad 4 plure lfitysof rderpnsigiterv e exgemtisnues to
decrease at the left-view trangfer rate 15Rmal-30f 1]. [0409] When
the end BelprEisgcsadtheglhk-¥ ewdepeastey viiew sdgeaphdidecdifd2zero sect or
transition period PJO2 starts. During the second zero sector transition
period P%. 702, NrdadRhg ditemratoby faonided BIRRAY AR °fb £hes Busdhded.
Therefore, the accunmul ated data ampunt DAl1.in the first_read buffer 4221
decr easeS18F tHe FBRANGHIFEnSEBL LR &° RO 1R BEF 197 Ved 2 aPRE ™SS Cunul at ed
data anoupt DA2 in.the secqnd rgad buffer 4222 decregases at. the r.ight-view
ﬁ%’iekéglzﬁé. g

t ransf er SPRIE RexF 5§ 214 Fopextent in, PREAFTE gL , data
is not transferred from.the first read. buffier 4221.t0 the syste ar get
docoder H90520nt 111 1o BHACES BFRIRER FhAcci PREE. FABECH FTOM THe Teart  of
(n+1) *™® base-view extent. To seamlessly play back video from
these extent groups, the size Sext1[n] of the n®™® (n=2, 3, ...)

10 base-view extent and the size Sexcx[n] of the n'® extent in the
(k-1)*® dependent-view stream file should fulfill the following
conditions.

[0386]
During playback of 2D video images, when the jump from

15 the n™ (an integer n is sufficiently large) base-view extent
to the (n+1) ™ base-view extent requires a time length Tyump-20[n],
each base-view extent is read into the first read buffer 4221
at a rate Ruyg-ap, and the base-view stream file is transferred
from the first read buffer 4221 to the system target decoder

20 4203 at a mean rate of Rexti-op[nl, then the size Sexe; [n] of the
n™ base-view extent should fulfill Equation 18.

[0387]

Equation 18

[n]> R, p xR pln] ol7]
extl - jump—
Rop—Reiop [7] T

S

25 [0388]
During playback of 3D video images, when the jump from

the n*™ base-view extent to the n™ extent in the (k-1)%P
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t he second read period PRL1. In other words, the transfer time is shortened
by the predetermned tinme dt. As a result, the data anount transferred from
the first read buffer 4221 to the systemtarget decoder 4203 fromthe
second read period PRL1 through 5 the second zero sector transition period
PJO2 is smaller than the size Sext1[1l] of the top left-view extent Li by

t he firstepahfentnyigivnstineamtt ille regoiévedingine benghle Tdehoofatlnd fir st
junp period PJO2, as shommhin Fig. 60A, the agcunul ated data amount DAL in
the firsthechanp syt nl” essenhotnitiid (kelbw dependent rsiewwmaamar gi n
amount ULI . [0411 fMfter the second zero sector transition period
PJ02, théidez&pftheachExt enPagpovil @WbexsentsgeaHatrefhé 48 emieRIEd dat a
anounts DAl and DA2 in the read buffers 4221 and_4222 exhibit 15 the change
shown i nTBigs-x-53A! B. ©3Fh QARG it X teRnthifi FRAG A "ea ERE F5rdF §&dsked, the
accunul at ed data ampunts DAL and DA2 in the read buffers 4221 and 4222
shoul r EPGERTt 049k PEspRCEARE bl nﬁ%gbnmsl{w%d(%&)

A di ly, i, i d ) . d be i | uded .i :
Dt BeberRe Bn Wy e R Bl i Beag rrs h brong Read o idoats '
Duri i back, he fi h d [ i.m d
Dhe. top Spez ¥ PhaYRlEs Rinot e CERE Rekd ViR SO ALE BRle fBTOd 1O

ton , ot & |
acef or B2aplRURLely L4 BRe ) L @R SLEHOL AV PBTHPEOIL BN S UE2S)
ti dt | LI i 22 f bi.t i )
Loata) Belgel Uobs e lAARade SGE AN AEPLEERT M IO N o)
[ n] Rugl- 3PRUA 8D i 2 F bl My rerkUdh 3@ s 8111 Z=diagfdntid[n +1] S eal [n]
UL1 Rs- 35Rud- 3DJUnD- 0

[0389]

Equation 19

R XR, splh S,uln
Sextl [n] 2 ud 30 extl-3D [ ] x (TFjump—k—3D [n] + M + TBjump—k—BD [n]j
R 3p = Ry spln] R.sp

[0390]

15 ‘ Furthermore, in playback of 3D video images, when the jump
from the n*" base-view extent to the (n+1)* extent in the (k-1)*"
dependent-view stream file requires a time length TFsump-kx-3p [N+11,
and the (k-1)™ dependent-view stream file is transferred from
the second read buffer 4222 to the system target decoder 4203

20 at a mean rate of Rextk.3zpln], the size Sexex[n] of the n™ extent
in the (k-1)*® dependent-view stream file should fulfill
Equation 20. |
[0391]

Equation 20

R yap X Ry 3pl7]

Rud—3D - Rextk—3D (7]

Saxt] [l’l + 1]

25 Sextk [n] 2 x (TBjump——k—3D [n] + + TFjump—k—3D [n + 1]]

ud-3D
[0392]
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Real [n] Equation 22 5 S ext2[n]- UL2S1[n] dt + T[n] x R junp-3D Rud-3D dt

5' 1[ n]

+ lierep. 3D[n] S 2[n] - U2 Rud-3D R 2 [fl] 12[n] [0414]

As

shown by Fig. 60A, during the read process of the top left-view extent Li,.

t he accunul ated data anount DAl in the first
maxi mum val ue at the end of 10 the second read period PRL1. Accordingly,
read the nth | &k1) Wiksn extasning hach SR apatdq yrRAgnfrom the £KESRLr ead
buffer 4221 should fulfill Equation 23 instead of Equation 15. [0415]

Equat i ongPQURSRERPYWR E|Fig. 49, the buffer margin times ULL and UL2

10

15

20

25

are guaranteed by successively reading a certain number of
extents into the read buffers 4221 and 4222, as can be easily
understood from Figs. 57A and 57B. Accordingly, if there were
few extents placed between a starting position of interrupt
playback and a layer boundary LB, there would be a risk that
the accumulated data amounts DAl and DA2 in the read buffers
4221 and 4222 might not reach the buffer margin amounts ULl and
UL2 before the jump produced by layer switching. In order to
avoid that risk, interrupt playback should be prohibited in
extent groups located a predetermined number of extents
immediately before a layer boundary LB.

[0393]

Figs. 58A and 58B are schematic diagrams showing the
relationship between a section in which interrupt playback is
prohibited and the change of the accumulated data amount DAl
in the first read buffer 4221. As shown in Fig. 58A, the depth
map extent group D, right-view extent group R, and left-view
extent group L are recorded in an interleaved arrangement on
two recording layers separated by a layer boundary LB, similar
to the arrangement shown in Fig. 49. The interrupt playback
prohibited area 5801 is set for extent groups consecutively
located a predetermined number of extents immediately before
the layer boundary LB. Interrupt playback is prohibited in the
interrupt playback prohibited area 5801. In the example shown
in Fig. 583, since the first entry point 5811 is located before

the interrupt playback prohibited area 5801, interrupt playback
181

read buffer 4221 reaches its

to



- Rud-3D Rmaul-3D0[r]S dti[n] X dt +dt 88 = CEIL Rmax |1-3D [n] Rud -3D -
Rmax1-3D [Ft] S1[n] 88 [0416] On the other hand, as shown by Fig. BOB,
during the read process of the top right-view extent Rl, the accunul at ed
data anount 20 DA2 in the second read buffer 42 22 should at |east be
equivalent to the size of the top right-view extent R. Accordingly, to
read t heaf| €lnisippintiiayvadicwed RN £he edlperihandraifceothensesesénd read
buf fer 4222 should fulfill_the above-nmenti oned Equation 16. 5[ 0417]

[ Enbodi nBRETYPYign18812 is locahed gl thanilng caespt beaybagk prehdbdssd

enbodi nent of the present invention, a recording, device and a recording
met hod @area 5801, interrupt playback at this pdint is prohibited.

[0394]

5 Fig. 58B is a graph showing the change of the accumulated
data amount DAl in the first read buffer 4221 during interrupt
playback from the first entry point 5811. This interrupt
playback is performed in L/R mode, and in accordance with the
playback path 5810 shown in Fig. 58A, the left-view extents L

10 included in the area from the first entry point 5811 to the layer
boundary LB are read into the first read buffer 4221. At that
time, as shown in Fig. 58B, each time a left-view extent L is
processed, the accumulated data amount DAl increases. In
particular, when the left-view extent 5802 located immediately

15 Dbefore the layer boundary LB is read into the first read buffer
4221, the accumulated data amount DAl exceeds the first buffer
margin amount ULl. Therefore, from the starting point of the
jump Jiy that occurs immediately afterwards to the point when
the top of the next left-view extent 5803 is read, underflow

20 does not occur in the first read buffer 4221. The same is true
for the second read buffer 4222.

[0395]
Based on the above description, the length of the
interrupt playback prohibited area 5801 should fulfill the

25 following two conditions: (A) the number of left-view extents
located from the top of the interrupt playback prohibited area
5801 to immediately before the layer boundary LB should exceed

the value yielded by dividing the first buffer margin amount
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10 for recording the recording nedi umof Enbodi nent 1 of the present

I nvention. [0419] The recording device described here is called an

aut horing device. The authoring device, generally located at 15 a creation
studio that creates novie contents to be distributed, is used by authoring
staff. First, in accordance with an operation by the-authoring staff, the
r ecor di ngLappataeusacpiy sime, naovd € Bgobhe munibamod wligiit-alien easants
conpressi on encoded in accordance with an MPEG specification, i.e. into an
20 AV st teaptedlfeomike tarhef téddsr ar ey tdeiimred el vbes cxestemaryeér whi ch
is information defining how each title included_in the novie content is to
be pl ayeBovagrrySpBcrEhpeafl ¢xcerd sbendpilyei wérdded PhedaNsdénde$Bei bed
dynam c scenario information and static scenario information. Then, the
recor di n§egepfcbufifeyenaraiBs2BOVBEURE2 RgENEr MR IePdAEBSkit for a BD- ROM
discfgroqbggg]aforenentioned digital stream and scenario. Lastly, the

The interrupt playback prohibited area 5801 is specified
to the 3D playback device in the following way. First, in the
clip information file corresponding to the AV stream file to
which each extent belongs, an interrupt playback prohibited

10 mark is added to each entry point 4012 in the entry map 3823

shown in Fig. 40A. The "interrupt playback prohibited mark" is

a flag and indicates whether or not the position in the extent

shown by the entry point is included in an interrupt playback

prohibited area 5801. When the 3D playback device is instructed

15 to perform interrupt playback of 3D video images by user

instruction or the like, the playback control unit 4207 shown

in Fig. 42 refers to the interrupt playback prohibited mark in

‘ ﬁhe clip information file. In this way, the 3D playback device

can determine whether or not the starting position of interrupt

20 playback is included in an interrupt playback prohibited area

5801. Note that the "interrupt playback prohibited mark" may

be included in the playitem information in the 3D playlist file

243B shown in Fig. 30. When instructed to perform interrupt

playback of 3D video images, the 3D playback device can

25 determine whether or not to permit interrupt playback by making

the playback control unit 4207 refer to the interrupt playback
prohibited mark in the 3D playlist file.

[0397]
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recordi ng device records the volune inmage on the recording nmediumin
accordance with the arrangenents of extents explained In the

af ore-descri bed Enbodi ment 1. [0420] Fig. 61 is a block diagram of
an internal structure of the above-described recording device. As shown in
Fig. 61, the 5 recording device includes a video encoder 6101, a materi al
creation unit 6102, Extenbnapebogehegatdon diffe503,f ial B harodghenA¥r eat i on
unit 6104, a multiplex processing unit 6105, a format processing unit 6106,
and a daSibgam uhites5103y [M42ifsaoihd dat difaeecBAPRL6EIPURS almoAvol atil e
storage devi ce enbedded in the recording device. Specifically, the database
unit 6102nteradepyed W BIIFRNSRE GHODR 1A BiFn4fi vuIsh atdef feremadd lenit 6107
may be an external H D connected to the recording device, a nonvolatile
sem condB&¥or I ¢ fFRPPdeyi ke ts BABEERRI 5 LRéer dithg Bew ePJest an
external nonvolatile sem conductor nenory, device connected to the recording

devi ce. [@8482345he AF 8BS FiR dddre 8164 rEtkTlveLeFlae¥Rdat §19suen Fdg-
unconpr essed bit data,_fromthe auythorjng staff, and 20 conpresses the
oo hedid i HaPBnAR & A G SRRt b R SRt CE i SRER e suoh
as MPEG 4_AVC or, NPEGBZ. Thi s process converf.s prli mary Vi %eo d%ta.i nto a
pri mary g?:gélgssﬁpeg}hc a case. As shown in Fig. 59, extent EX 1s

inserted between the n"*? left-view extent Ln and the (n+1) "™ depth
map extent D(n+l) . The file to which this extent Ex belongs is
10 different from either AV stream file. In this case, the
insertion of extents belonging to a £ile other than the AV stream
files is prohibited in m sets of extents arranged consecutively
immediately before the extent Ex, i.e. D(n-m+l), R(n-m+l),
L{n-m+1), D{(n-m+2), R{(n-m+2), L{(n-m+2), ..., Dn, Rn, Ln. Here,
15 three types of consecutive extents Dk, Rk, Lk (k=1, 2, 3, etc.)
are defined as a set. Furthermore, the number m is at least
equivalent to the value yielded by dividing the buffer margin
amounts ULl and UL2 by the margin time. When these m sets of
extents are read in order from the top into the read buffers
20 4221 and 4222, the accumulated data amounts DAl and DA2 exceed
the buffer margin amounts ULl and UL2. Accordingly, underflow
does not occur in the read buffers 4221 and 4222 while reading
of the extent Ex is being skipped by the immediately subseqgquent
jump.
25  [0398]
Here, in the regulation shown in Fig. 24, when the jump
distance exceeds 40,000 sectors, the corresponding jump time

becomes significantly longer. The buffer capacity necessary for

184



and secondary video data into a secondary video stream In particular, 3D
video image data is converted into a 2D/l eft-view 25 streamor a right-view
stream As shown in Figs. 34A and 34B, the video encoder 6101 forns the
2D/l eft-view stream as a base-view stream by performng inter-picture
predictive encoding on the pictures included in the 2D/l eft-view stream
"On the osheh kardna Homg devnencaneeagldy berawet hacesghvelyewaggeeam as a
dependent -vi ew stream by performng inter-picture predictive encodi ng on
bot h t heAgicordiaglyncitdéd pPrnefavabbe| ehat vikey sizeai dite ot opitc By es
included in the right-view 5 stream_ Alternatively, the right-view stream
and the PB Beft soi Bt tean mesrvRl fop epasthe d Hdsaliagwe W@ amiand t he
dependent -vi ew stream respectively. The converted videqQ streans 6111 are
stored i ARG LHB+dat Rhaseduamnedintely crospre ot i gt he b Grd-d¥s & bed
process of inter-picture predictive encoding, the video encoder 6101
further FoteCFSSRo: fn OP8cS6FEBStween | eft vi deo i mages and right video

i mages artd cal.cul ates depth informati on of each 3D video i nage based on the
det ect ed '¥8%n vectors. The cal cul at ed depth 15 information of each 3D

video inmage is jzed into the f dept h infor ion.6110 that is
stored in the dgé’gg‘gbgnuﬁ#?yﬁlfgﬁaf%zﬁ]Vlgeo lmage*l%‘?mé%s 85 and 62C

h . d . . ) | . ! .
[ om & pALPUGE PELIZR 0 fant CRECT N Bet By ke SrHs Ehebac 10T [ o0a2s)

The vi deg encader, G104 fiy 5L, GOUPLASSE $2GR1AECLUR tain number of

10 extents into the read buffers 4221 and 4222, as can be easily
understood from Figs. 57A and 57B. Accordingly, interruption
by read processes of files other than AV stream files, such as
the BD-J object file 246A or the like, is prohibited from the
point at which reading of the AV stream files from the BD-ROM

15 disc 101 starts until a predetermined number of extents have
been read into the read buffers 4221 and 4222. Additionally,
the accumulated data amounts DAl and DA2 in the read buffers
4221 and 4222 are monitored, and while either falls below the
corresponding buffer margin amount ULl or UL2, interruption by

20 read processes of other files may be prohibited.

[06400]

In the example shown in Figs. 57A and 57B, when a certain
number of extents have been successively read into the read
buffers 4221 and 4222, the buffer margin amounts ULl and UL2

25 are guaranteed. Additionally, the buffer margin amounts ULl and
UL2 may be guaranteed immediately after reading of the AV stream
files into the read buffers 4221 and 4222 has begun using the

method described below. Immediately after the BD-ROM drive 4201
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usi ng the redundancy between the left and right pictures. At that time, the
vi deo encoder 6101 conpares an unconpressed |eft 25 picture and an
unconpressed right picture on a per-nmacrobl ock basis (each macrobl ock
containing 8x 8 or 16 x 16 pixels, with all the nmacrobl ocks representing a
matrix) so as to detect a notion vector for each inmage in the two pictures.
Speci fi c&ltlayts ae relagvbhe RVFegseaB ZA larl, 62Bs metledd makedsot be ctyateen6201 and
a right video picture 6202 are each divided i nto nacrobl ocks 6203, the

ent i r et y tefraalyi decodpr é26/twa ikt fatpdnfonelecothngmreae stinphet Ayl he
image data in picture 6201 and picture 6202 are 5 conpared for each

macr obl o EKIEAT3 readd ng wdt ithe \fgéﬁ@r de@apsen thesw Fxdesy oftuthayesdat a i s
detected based on the result_ of the conparison. For exanple, the area
occupi ed Y ilnd & eezde raHaRchine hasukassed afitarreadny afsthaysizgaftial | y
the sane_as that in picture 6202. Accordingly, a notion vector is not 10
det ect ed PRSEMVSGHHE r s PeGr Ph el hBr SREAE TTERE ol BB 48R 8@ 1A mage

6205 showing a "circle" in picture 6201 is substantially different. fromthe
area in ghﬁiﬂ%aék%Z?tﬁB YdiRFJiAPd a Fotiidt Wre@dr TR c aPPHE T et Ll

oL 5Bl 2ceTenl beLecly e, LIRS, PROS I 0 D LA L85 LN 1 ctures
GLOL noxC ke 058 Bhel NS HRLCLL AT VEELET WA Qlldnalen porp osol o
paral | ax 20 PR’ {ANHI 192 3RS /TG £ Ul §5h "B 1S P gCes of
10 already maintained at the buffer margin amounts ULl and UL2.
[0401] |
Figs. 60A and 60B are graphs showing the change of the
accumulated data amounts DAl and DA2 in the read buffers 4221
and 4222 when this method is used on the extent groups shown
15 1in Fig. 49. In the following explanation, 3D video images are
assumed to be played back in L/R mode from the top of the extent
groups shown in Fig. 49. This explanation is also applicable
when 3D video images are played back in depth mode and when 3D
video images are played back from an arbitrary extent via
20 interrupt playback. Note that the size of each extent has
already been determined so as to fulfill Equations 5 and 6. Here,
as described below, a margin time does not need to be included
in the zero sector transition time Tyump-o[*] to be substituted
into Equations 5 and 6.
25 [0402]
First, during the f‘irst read period PRgl, the top
right-view extent R1 is read from the BD-ROM disc 101 and output

to the second read buffer 4222. In the first read period PRgl,
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i mage data 6204 and 6205. Furthernore, in accordance with the binocul ar
paral l ax thus obtained, the video encoder 6101 cal cul ates the "depths" of
each image, such as the inages 6204 and 6205 of the "house" and "circle.”
The information indicating 25 the depth of each inmage nay be organi zed, for
exanple, into a matrix 6206 the same size as the matrix of the macrobl ocks
in pictuPé&ssE2OnR andFég02688, shbhenacnuRigatedClaTheahoane DeptinitHeor mati on
6110 shown in Fig. 61 includes this matrix 6206. In this matrix 6206,

bl ocks 63€6Fcacerpaddpel for iR 2 dncasperde freomp tat tthe ARcYbBEoCksaB203 in
pictures 6201 and 6202. Each bl ock 6207 indicates the depth of the inage
shown byrleﬁ‘é1 &GiCeSpondi ng macrobl ocks 6203 by using, for example, 5 eight
bits. In the ?xanple shown in Figs. 62A-C, the depth of the inage 6205 of
the "cirdl%03ls stored in each of the blocks in an area 6208 in the méltz(r)llx
6206._This area 6208 corresponds .to the entire areas in the pictures

and 6202 that SholeHRd r%fg(%hﬁzé?b.rSEOfGﬂQ?ﬂ’eRb‘?@rﬁﬁRﬂg tBerf grsB1zetthe

mat eri al %r&gati n _uni,t 6102 creates_el enentary streans other than video

st r eans, SSTER adTERSHGOR & grr3, SEapGSst ML e dhdrsin 385t ream

i [ 107._ For
6114, and 2t9Le5,L0g: £18A' S SLA G | DLt NE JataRase Ui 1, 8107 r &

disc 101 is suspended. Therefore, the accumulated data amounts

DAl and DA2 in the read buffers 4221 and 4222 are both maintained
10 constant.

[0404]

At the point the first zero sector transition period PJ,1
ends, the second read period PR;1 begins. During the second read
period PRy1, the top left-view extent L1 is read from the BD-ROM

15 disc 101 and output to the first read buffer 4221. However, the
system target decoder 4203 continues on standby until a
predetermined time dt has passed from the start of the second
read period PRpl. Accordingly, as shown in Fig. 60A, the
accumulated data amount DAl in the first read buffer 4221

20 increases from 0 at the 3D video image read rate Ryg-3p- Conversely,
as shown in Fig. 60B, the accumulated data amount DA2 in the
second read buffer 4222 is maintained constant.

[0405]

When the predetermined time dt has passed from the start

25 of the second read period PR;l, the system target decoder 4203
is activated and starts tb read and decode source packets from
the read buffers 4221 and 4222. Accordingly, as shown in Fig.

60A, the rate of increase of the accumulated data DAl in the
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15 exanple, the material creation unit 6102 receives unconpressed LPCM
audio data fromthe authoring staff, encodes the unconpressed LPCM audi o
data in accordance with a conpression/encodi ng scheme such as AC 3, and
converts the encoded LPCM audi o data into the audio stream 6112. The
material 20 creation unit 6102 also receives a subtitle information file
from t hefagsitoread Subfér ARk ket sdme PO theadP61ilded ninagorg@dce Wit h
the subtitle information file. The subtitle information file defines inmge
dat a for réfi@viRuagosatbthellaft sy dyanisdeagsasd Rehe-ss (bl i tdoewersed Wi sual
effects to be added 25 to the subtitles (e.g., fade-in and fade-out) .

Fur t her mBfeShowae At BiFal 6 @R eat o eainu63b2d r@rer \RROWLE R ddt &hénd a
menu file fromthe authoring%staff and creates the |1 G stream 6114 in

accor danE&CRNChTERE BIHEREP 4a2A ARETeRecHeEru The & 1gtHe BidvdiFansfier shows

| mages that are to_be presented on a nmenu. The nenu file defines how each
buttoh of2tfeReeallls to be transitioned fromone status to anot her, and
vi sual e&%%%%ﬁ to be added to each button.

When the end of the top left-view extent L1 is read, the
first jump Jixl is performed to skip over the immediately
subsequent depth map extent D2 to the next right-view extent

10 R2. During the first jump period PJ;rl, reading of data from
the BD-ROM disc 101 is suspended. Therefore, as shown in Fig.
60A, the accumulated data amount DAl in the first read buffer
4221 decreases at the left-view transfer rate Rext1-3p[1] , whereas,
as shown in Fig. 60B, the accumulated data amount DA2 in the

15 second read buffer 4222 continues to decrease at the right-view
transfer rate Rexeo[1].

[0407]

Unlike Fig. 57B, in Fig. 60B, data is not transferred from
the second read buffer 4222 to the system target decoder 4203

20 until the predetermined time dt has passed from the start of
the second read period PRp1. In other words, the amount of time
that the accumulated data amount DA2 in the second read buffer
4222 decreases is shortened by the predetermined time dt. As
a result, the data amount transferred from the second read

25 buffer 4222 to the system target decoder 4203 from the second
read period PRpl through the first jump period PJizl is smaller
than the size Sext2[1] of the top right-view extent R1 by the

second buffer margin amount UL2. Accordingly, at the end of the
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5[ 0428] The scenario generation unit 6103 creates BD- ROM scenario
data 6115 in accordance with an instruction that has been issued by the
aut horing staff and received via GU and then stores the created BD ROM
scenari o data 6115 in the database unit 6107. 10 The BD-ROM scenari o data
6115 described here is a file group that defines nethods of playing back

t he el eméntraty]shp geamsi@d PUkD, Gld $hetvor éd Figt heOBlattdlzasecunuflaged7. O
the file group shown in Fig. 2, the BD-ROM scenari o data 6115 i ncl udes the
i ndex fiBat24ampunheDAdvie bhfestcodnd era@ Hulfelr 142 Dldnds siotf iflkdd 243A- C.
15 The scenario generation unit 6103 further creates a paraneter file 6116
and tranbeépy the eecanddbyifgremerdfinl emeuns Ud2t-he nul tipl ex processing
unit 6105. The paraneter file 6116 defines, from anong the el enentary
streans 69498{o0 6114 stored in the database unit 6107, one or nore streans
to be nmultiplexed to 20 formeach AV streamfile. [04291 The BD_program
creat? on unit BE04PRRAHedRNELZSChIRTRPR/F P Ik RPF odlemniigd

envi ronnment for programming,a BD-J object and Java application prograns.
The BD pFBgFdPttediiton 259thft BEOMNT b6 TBLTE TRRIEST 1PFoRRee usd via Gul
ot ogr am EFEaTROR BAFE 64 FAFPh oS oF et 2 FEOBS P JH it AR 246A 11 om
1 o0, 2aRH i AT SRR ERER LS JANRSPPU Sl S0 HLR AR, Hclle IAF
uni t 610?1‘1 ILJ(.)él.S%]OB, the accumulated data amount DA2 in the second read
10 Dbuffer 4222 increases at a rate equivalent to the difference
between the 3D video image read rate Rys-3p and the right—view
transfer rate Rext2[2], Or Rug-zp—Rext2[2] . Conversely, as shown
in Fig. 60A, the accumulated data amount DAl in the first read
buffer 4221 continues to decrease at the left-view transfer rate
15  Rexti-spl1l].
[04009]

When the end of the second right-view extent R2 is read,
the second zero sector transition period PJ,2 starts. During
the second zero sector transition period PJ,2, reading of data

20 from the BD-ROM disc 101 is suspended. Therefore, the
accumulated data amount DAl in the first read buffer 4221
decreases at the left-view transfer rate Rexi-ipl2], and the
accumulated data amount DA2 in the second read buffer 4222
decreases at the right-view transfer rate Rex,[2].

25 [0410]

Unlike Fig. 57B, in Fig. 60B, data is not transferred from

the first read buffer 4221 to the system target decoder 4203

until the predetermined time dt has passed from the start of
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Here, it is assuned that the BD-J object is programmed 5 in the foll ow ng
way: the BD-J object causes the program execution unit 4206 shown in Fig.
42 to transfer graphics data for GU to the systemtarget decoder 4203.
Furthernore, the BD-J object causes the systemtarget decoder 4203 to
process the graphics data as the i mage plane data 4306 shown in Fig. 43. 10
In this tasesetbrdBfrapd grramd PRat i dn wither6¥64denytisett rdfrfssfdr itrifmer mat i on
corresponding to the image plane data 4306 in the BD-J object by using the
frame depshshofoened lonthe Hrestadreethiined hémdattabase wristi16]10Fhe [B431] 151 n
accordance with the paraneter file 6116, the nultiplex processing unit 6105
mul ti pl erREOUBECHrvts f¢rered dmom bty fdrssansad buEfer14231 Goethe syisttendat abase
unit 6107 to forma streamfile in an MPEG 2 TS fornmat. Mre specifically,
as shown tPageitgdesodesc 288 frhemerbaepearydsreadnpesiad BRL16 L dugh
converted into 20 a source packet series, and the source packets included
in eath $EF 88CaRe ABERMF LY J-Earsittirn PerdiasyPdodt¥amaliler than hi s
manner, the AV streamfjles 245A-C shown in Fig. 2 are created. [0432] In
par al | el etﬁltzﬁesezftg}% i e d R d&SSTHEY theE o il tpltde dridddssi ng
uni t 610%u3r eates the clip information files which respectively correspond

to the AVEFERTEIBS Sp: Cly PRECFOL-PEM ng bridtedifeOt FRS I e entry
rpe L0300 02,5000, 10y i, WY 00 ersomerstst de o
ooat ! aShBRet SeRED AL e g B BB g e S
ﬂlzi:ef(;%q 2%5%;?#:% [ gi‘l(r‘%g%%: #"%335“'[ %H%%flgci[ﬁhe‘d with the clip information that
[0411]
After the second zero sector transition period PJy2, the
size of each extent should be set so that the accumulated data
amounts DAl and DA2 in the read buffers 4221 and 4222 exhibit
15 the change shown in Figs. 53A-B. In other words, each time an
extent is processed, the accumulated data amounts DAl and DA2
in the read buffers 4221 and 4222 should return to the respective
buffer margin amounts ULl and UL2. Accordingly, a margin time
does not need to be included in the zero sector transition time
20  Tjump-o['] substituted into Equations 5 and 6.
[0412]
During interrupt playback, the first extents to be read
are not limited to the top extents R1 and L1, but may be any
arbitrary extents Rn, Ln (excluding, however, extents in
25 interrupt playback prohibited areas). Therefore, based on the
above-mentioned considerations, the predetermined time dt

should fulfill Equations 21 and 22 for an arbitrary integer n.

[0413]
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The format processing unit 6106 creates a BD-ROM di sc i mage 6120 of the
directory structure 204 showmn in Fig. 2 from 10 (i) the BD-ROM scenario
data 6115 stored in the database unit 6107, (ii) a group of programfiles
i ncl udi ng, anong others, a BD-J object file created by the ED program
creation unit 6104, and (iii) AV streamfiles and clip information files
gener at e@8gbpttiba B0l ti pl ex processing unit 6105. In this directory 15
structure 204, UDF is used as a file system [0434] When creating a
file entry of an AV eamfile, the format progessing unity 6106 refers to
the entry qap,piyars r‘i@i’&mgﬂpqcl i@rﬁ]quﬁ | er,Ln1thigs panner, the
SPN of eachentry 20(pRint is usé®f creRtfﬂj_%y] of 4110 catil n déscri ptors.
In particular, allaqcation descriptors in a ftile entry of_an AV streamfile
of 3D video i J&ﬂgzereat j+ HW%Ht+TWtanlig akm[ﬁiapUé&tent at the
start of the Tilg, threé"’”t?‘b@ of pext ents” e arrangedral,grnatel y, as
shown in Fig. 49. “Flrthernore, the*2d size of each extefit is set so as to
fulfill Equations 4-8, and the value of the |ogical address shown by each
al l ocation descriptor is determ ned accordingly. [0435] In
addition, by using_the frame depth information 6110 stored in the database
uni t 610?‘,ql%ﬁéoflogr?rat processing unit 6106 creates the 3D neta data 3814
shown in Figs. 39A and 39B for each of the secondary video stream 6111, the
PG stream 6113, 5 and the |G strea 114. Here, t he\positions of image data
pi eces wi thin |eft Spdnli-§Hi2 2i d€6—+ adés Bye plnldreR i,¢fal]l y adj usted so

that 3D video i mages represent dR,bysDone stream avgid overlap wth 3D video

i mages represented by other reams in the sapge_ypsual direction.
Furthernore, an of f.-seut@%Tgﬁgg[nﬂdm is also automatically
adj usted so that depths ofR,3E), Vi deo I mages rBppbtlent ed by one stream avoid
agreenent with depths of 3D video inages represented by other streans.

[ 0436] [0414] Thereafter, the BD-ROM di sc i mage 6120 generated by the
15 format procCessing unit 6106 is converted into data suited for pressing

of a BD-ROM di ag, shdipn theeaidedofn &hei AgStis e dprvbilsiszed £ wgpation

of the BD-ROM di sc. Mass production of
left-view extent L1, the accumulated data amount DAl in the
first read buffer 4221 reaches its maximum value at the end of

10 the second read period PRpl. Accordingly, to read the nt™®

left-view extent Ln, the capacity RB1l[n] of the first read
buffer 4221 should fulfill 'Equa_tion 23 instead of Equation 15.
[0415]

Equation 23

15 RBI[n]>CEIL Rysp % df + Ry—3p = Ropyy_3pln] % Sem (7] _dt
8 8 Rua'—3D

=CEIL R!HLH)[”]X dt + Rud—3D —Risx13p [n] x Sextl[n]
8 8 Rud—3D

[0416]
On the other hand, as shown by Fig. 60B, during the read process
of the top right-view extent R1l, the accumulated data amount

20 DA2 in the second read buffer 4222 should at least be equivalent
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the BD-ROM di sc 101 pertaining to Enbodi nent 1 of the present

invention is nade possible by using the naster in the press 20 process.

[ 0437] <Suppl enentary Expl anation> [ 0438] "Data Distribution
vi a Broadcasting or Canrnm cation 25 Circuit" [0439] The recording
medi um according to Enbodiment 1 of the present invention may be, in

addi ti ontbotar eptecaf thsctom 20fht gehew axreamo\Ribl damedidimadyai Itabl e as a
package medi um such as a portable sem conductor nenory device including an
SD nenor yeedr theAh Yoy iEhbotieenextedssBni beke avrpxeaitpy RBF [ran adpttibeal  di sc
in which data has been recorded beforehand, nanely, a 5 conventionally

avai | abl secead- odlad dptiifet 4222 shohlds falBblROVher adIVDIROVLOHSSeVer

the enbodi nent of the present invention is not linmted to these. For

exanpl e, Eaiéhs 18t ébni nal device wites a 3D video content that has been

di stributed via broadcasting or a network into a conventionally avail able
10 w3t aBPé1dpti cal disc such as a BD-RE or a DVD-RAM arrangement of the
extents according to the above-descri bed enbodi ment nmay be used. Here, the
term nal [GBPOSE™PRF Bé i ncorporated in a playback device, or may be a

devi ce differ?nt fromthe playback device. 15[0440] "Playback of

Seni conduféde Menory Card" [0441]

The following describes, as the second embodiment of the
present invention, a recording device and a recording method
10 for recording the recording medium of Embodiment 1 of the
present invention.
[0419]
The recording device described here is called an
authoring device. The authoring device, generally located at
15 a creation studio that creates movie contents to be distributed,
is used by authoring staff. First, in accordance with an
operation by 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
20 AV stream file. Next, the recording device generates a scenario,
which is information defining how each title included in the
movie content is to be played back. Specifically, the scenario
includes the above-described dynamic scenario information and
static scenario information. Then, the recording device
25 generates a volume image or an update kit for a BD-ROM disc from
the aforementioned digital stream and scenario. Lastly, the
recording device records the volume image on the recording

. medium in accordance with the arrangements of extents explained
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The followi ng describes a data read unit of a playback device in the case
where a sem conductor nenory card is used 20 as the recordi ng nmedi um
according to Enbodi nent 1 of the present invention instead of an opti cal
disc. [0442] A part of the playback device that reads data from an optical
disc is conposed of an optical disc drive, for exanple. 25 Conpared wth
this, a parthef afbeeplagbadbedeimbedtimentr 8ads data from a sem conduct or
menory card is conposed of an exclusive interface (I/F) . In nore detail, a
card sl otl0#20provi ded with the playback device, and the I/F is nounted in
the card slot. Wen the sem conductor nmenory card is inserted into the card
sl ot, the sem Edaduéloksnenpigckatihgrare|actan daligrnednsdauedusia Lt he

pl ayback device via the |/F. Furthernore, the data is read fromthe

sem condii&eorbaEppigsenibed terqdting Seyice -dBei oWR 41t Kegt /L [[de43)
"Copyright Protection Technique for Data Stored _in BD-ROM Di sc" [0444]
10Her®, ERECFELRENICETICS Ihoredas iy CoPeei gRECERTd4atql, a material

creation unit 6102, a scenario generation unit 6103, a BD
program creation unit 6104, a multiplex processing unit 6105,
a format processing unit 6106, and a database unit 6107.
[0421]

10 The database unit 6107 is a nonvolatile storage device
embedded in the recording device. Specifically, the database
unit 6107 is a hard disk drive (HDD). Alternatively, the
database unit 6107 may be an external HDD connected to the
recording device, a nonvolatile semiconductor memory device

15 embedded in the recording device, or an external nonvolatile
semiconductor memory device connected to the recording device.
[0422]

The video encoder 6101 receives video data, such as
uncompressed bitmap data, from the authoring staff, and

20 ‘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 into a secondary video stream. In
particular, 3D video image data is converted into a 2D/left-view

25 sgtream or a right-view stream. As shown in Figs. 34A and 34B,
the video encoder 6101 forms the 2D/left-view stream as a
base-view stream by performing inter-picture predictive

encoding on the pictures included in the 2D/left-view stream.
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recorded on a BD-ROM disc is described, as an assunption for the foll ow ng
suppl enentary expl anation. [0445] From a standpoint, for exanple, of

i mprovi ng copyright 15 protection or confidentiality of data, there are
cases in which a part of the data recorded on the BD-ROMis encrypted. The
encrypted data is, for exanple, a video stream an audio stream or other
stream bm shHehbtthendmnd hehenecided echdadear i odecodrd the trhigyHftoltiem ng
manner. 20[ 0446] The pl ayback devi ce has recorded thereon beforehand
a part ofstdaba asceskgrandeart gerker atregmabykeyt £ oomireg useef-griadsewdi ng t he
encrypted data recorded on the BD- ROM di sc, nanely, a device key. On the

ot her hampaedilet iBe ROM i tng has reddr dEUeZ@iIdtexr@(m amotided pant e t he
data necessary for generating the "key," nanely, an MKE (Medi a Key Bl ock),
and encr 2pVe¢ fdatva eof stheath kayd thegisltyremisnénipded the|widdy vie device
key, the MKE, and the encrypted title key are associated with one anot her,
and e3ch s&reamyr t Hertemmmisiwalat withe a paghrculiaw |§§ﬁfteiiﬂ1| e@ng i tthe into a
BCA 201 recorded on the BD-ROM di sc 101 shown in Fig. 2, nanely, a volune

| D. When 2D4d edgnbyiigat soHeam vRE RRicasdys the RRES-Vhevete¥sianditl e
key, and the volume IDis not 5 correct, the encrypted data cannot be
decoded. ¢ é?ﬁ@lnd\%ﬁtdé’ ieynFETGABN FREPESHBVRAYF oﬁh?sc%‘f‘?%"c? d ifdeo

above- nentioned "key, " nanel the title ke can be gener.at ed.

Speci f i cAURFAMEHE C%/qetdl kg the 45t& ‘Vg’ttedﬂu%l ng the device
key, the IXI&% and the voI ume I D. Only when the t|tIe key can be 10 obtai ned
as a resu[l 31‘] the decryption, the encrypted data can be decoded using the
titI key as t% abave-.nent honed "ke back

devi £8°07i o5« B%GRES TRl evsnéfeﬁsﬁa’e%lat%r%% 297 088 o e B T di sc,

h I 5 Kk

tpI :ygagi %e\léll %:t as s oreg1 hé:?lggn ?ecevfﬁgoié&cr%/ﬁafd% %nnéeg%%o%%]gt ed
bef h

bef or chagg i Loe epapmad ke e e iGathelevise, ALl

decodi ng Jhe gactyated daban %ﬁ%@lwé@ ddh 3@aolae029m9§é%gggdonl y by

decrypting the encrypted Titl ased on the correct conbination of the

M CE, thedevie ket %t‘&@rﬁ”ﬁré&oi@”f”fgﬂ'hé N fOai1dedr dsstnt he

copyright of at |east one of
15 information of each 3D video image is organized into the frame

depth information 6110 that is stored in the database unit 6107.
[0424]
Figs. 624, 62B, and 62C are schematic diagrams showing
processes to calculate depth information from a pair of left
20 and right pictures by the video encoder 6101.
[0425] |
The video encoder 6101 first compresses each picture
_using the redundancy between the left and right pictures. At
that time, the video encoder 6101 compares an uncompressed left
25 picture and an uncompressed right picture on a per-macroblock
basis (each macroblock containing 8 x 8 or 16 x 16 pixels, with
all the macroblocks representing a matrix) so as to detect a

motion vector for each image in the two pictures. Specifically,
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25 video stream and an audio streamthat are to be recorded on a BD- ROM
disc, a streamto be protected is encrypted using the title key, and the
encrypted streamis recorded on the BD-ROM di sc. Next, a key is generated
based on the conbination of the 203 MB, the device key, and the vol une
ID, and the title key is encrypted using the key so as to be converted to
an encrypisedhiowtd enk®ygskFustheanar 281 he M<Br +héed qbimeudd, 6 201d ddie
encrypted title key are recorded on the BD-ROM disc. Only a 5 pl ayback

devi ce stomigiptt rédeonptiheudeveze2kayet eadble disetddédrigenerairalglddkes
above-nenti oned key can decode the encrypted video stream and/or the

encr ypt e®283di bhstengameaterof déd adnreheeBEnROM dasrivsiNgxta tbeadsras In this
manner, it is possible to protect the copyright of the data recorded on the
BD- ROM dicssupli@Dhydjhe image Fhbaabopd cdeger FBed amt pditsmef 620prasteect i ng

t he copyright of the data recorded on the BD-ROM disc is applicable to a

r ecor?i nFOFRGLEH 60K e AR aned IRDKREROI send Fomogsigmpyectehdahsidrini smi s
applicable to a readabl e and witable 15 sem conductor nenory device and in
parti cul #2956 Rig6EEaBf elBEe ctrtRickDASRafHSE Pasgdsqehtas BessH @l d.

[ 0450] "Recordi ng Data on_Recordi ng Medi um t hrough, El ectronic
Distri buttih(?n'COE’@FG’&§PF-T%é’rf SKPBRILRg BESCRFBRSCPFBRESdi Y Hra9e £ tting
data such.as .an AV streamfile for 3D video inages (hereinafter,

"di stri bBHWata " JOuge T He? PLErbEekc a8y 8 %’&bsgrrad}tﬁgﬂtlé’ ERSoBFRBMS 1 of
e el MRl OB 2cEheCt HON e ARl T4 P R8s SedeB Sl

10 detected from such areas. On the other hand, the area occupied
by image 6205 showing a "circle" in picture 6201 is
substantially different from the area in picture 6202.
Accordingly, a motion wvector indicating the displacement
between the images 6205 showing the "circles" in the pictures

15 6201 and 6202 is detected from these areas.

[0426]

The video encoder 6101 next makes use of the detected
motion vector not only when compressing the pictures 6201 and
6202, but also when calcﬁlating the binocular parallax

20 pertaining to a 3D video image constituted from the pieces of
image data 6204 and 6205. Furthermore, in accordance with the
binocular parallax thus obtained, the video encoder 6101
calculates the "depths" of each image, such as the images 6204
and 6205 of the "house" and "circle." The information indicating

25 the depth of each image may be organized, for example, into a
matrix 6206 the same size as the matrix of the macroblocks in
pictures 6201 and 6202 as shown in Fig. 62C. The frame depth

information 6110 shown in Fig. 61 includes this matrix 6206.

195



di stribution data on a sem conductor menory card. Note that the foll ow ng
operations may be perforned by a specialized term nal device for performng
the processing instead of the above-nentioned playback device. Also, the
foll owi ng description is based on the assunption that the sem conductor
menory card that is a recording destination is an SD nenory card. [0452]
5The pl aybackhdevi setirigl uded & he bmles des20T beairear dins| one-Ar-SBenenor y
card is inserted into the card slot. The playback device in this state
first transnespondenaasm sisitdre mequedtl asksdp20Bi buthiortwize s 629 laand

di stribution server on a network. Here, the playback device reads

i dentifi€aPRonEachibierkei?®n TididrtsdD tgarf fHhemimegespherror y
card, and transmits the read identification information to the distribution
server tbyethercorreseordinaitarsePbrckediadt PYrveingention; exprete.
information of the SD nenory card is for exanple an identification _nunber
speci¥ i ceighinelSH MEhdHE CXeIPlfEEoYD $BekigFcat+y;Ca s 9P uRber of
the SD nmenory card. The identification, infor ion is used.as. the

above- de&Bg| HBIS AR OEDERPOASEFCFRe 1f s?ttﬂl%flfi i18ne§8]flv%§ s béf’&#‘éd

t hereon pieces of 20 distribution data. Distribution a that needs to be
pr ot ect egnb‘?zn GG BELENT R U T F égcgmst &%‘éﬁ Ahe? oqzdcg% CEF &S B Eam has

been encrypt.ed usi.ng a_predetermned title . re, .t n
di stri bu%%oﬁ#%lﬁr’%lct%naﬁgaﬁejc? S ELTEIRG St ﬁ%ggaﬂ%tsﬁtol‘zegggg.SC%‘{?%%%M
The distributi §2 server stores thereon a device key as a private key common
wth thelﬁ‘f"g?b R>device. The distribution server further stores thereon an
VKB id’l cgg‘ggg with the SD nmenory card. Upon receiving the transn ssion

[

requlest tribution data and the identification information of the SD

menory card freayhie: fkayBagkgdephce cpbh fallalithDubidah o8l \iid 1912
generates a key fromthe devi ge key, the MKS, and the

creates elementary streams other than video streams, such as

an audio stream 6112, a PG stream 6113, and an IG stream 6114,

and stores the created streams into the database unit 6107. For

15 example, the material creation unit 6102 receives uncompressed

LPCM audio data from the authoring staff, encodes the

uncompressed LPCM audio data in accordance with a

compression/encoding scheme such as AC-3, and converts the

encoded LPCM audio data into the audio stream 6112. The material

20 creation unit 6102 also receives a subtitle information file

from the authoring staff and creates the PGrstreamb6113 in

accordance with the subtitle information file. The subtitle

information file defines image data for showing subtitles,

display timings of the subtitles, and visual effects to be added

25 to the subtitles (e.g., fade-in and fade-out) . Furthermore, the

material creation unit 6102 receives bitmap data and a menu file

from the authoring staff and creates the IG stream 6114 in

accordance with the bitmap data and the menu file. The bitmap
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5 identification information, and encrypts the title key using the
generated key to generate an encrypted title key. [0455] Next, the
di stribution server generates public key information. The public key
information includes, for exanple, 10 the MKB, the encrypted title key,
signature information, the identification nunber of the SD nenory card, and
a devi cedktatshdhe anst what arer hatbeprasdnidss ohoa meanp|Bhe meash val ue
of the public key information. The device list is a |list of devices that
need to belendafiuvesdthw teath bsttdevorashe memihageteilsk tiBnsh tiemiest i ng
unaut hori zed pl ayback of encrypted data included in the distribution data.
The devi Ezoni ghespextids cxo thwtdwa candeyiswalt REfpdeat v¢ ikatddsdehingber for
t he pl ayback device, as well as an identification nunber or function

( pr ogr anfafbr baiERnel enent in the playback device such as the decoder.

20[ 0456] The distribution server transmts the distribution data and
the publ il84R&Yy information to the playback device. The pl ayback device
receives the distribution data and the public key information, and records
the received dF8ESIRHAGHP Eﬁ?ﬁréﬁéIOEF}lrﬁtpoﬁle3@?%%%@%3?%?‘%%%% SD
menory card via the exclusive I/ F of the card sl ot

di st ri bubP5R %]alc%lpe%%?%%a%?]e DS AR C %@L v ?Eﬁglr%‘gﬁ?g t he
Fypes. of BYrEtR SubRe o BEAed %é’c'iéq‘)ﬁ“ ST ﬁU%faacﬁg%%Em%f’ﬁééﬂe hree
I(E; O,&ng}]é%% t&egﬁf gﬁﬁé‘éésﬁg ﬁgg ﬁé i dentT’ﬁln%:/% T on‘—’“?enfl%)rﬁtgftgalloon7 of the
Icagags Lo e wggastaugugt)ésxckggganﬁ bon; et chese ey

|den i 6A NUNDAr —stor card i ns

sl ot. kgé§9de%1nesm %fgggglhgfxg%& %@e&aﬁgegegg&ﬁeream Vfl ue

cal cul at based on t lic mat 1 on nat has ue

i ncl udedpng i s%b%@tﬂﬁ%ﬂe“&é?wﬁééé dnit 6107. Of the file group shown
in Fig. 2, the BD-ROM scenario data 6115 includes the index file
24227, the movie object file 242B, and the playlist files 243A-C.

15 The scenario generation unit 6103 further creates a parameter
Afile 6116 and transfers the created parameter file 6116 to the
multiplex processing unit 6105. The parameter file 6116 defines,
from among the elementary streams 6111 to 6114 stored in the
database unit 6107, one or more streams to be multiplexed to

20 form each AV stream file.

[0429]

The BD program creation unit 6104 provides the authoring
staff with a programming environment for programming a BD-J
object and Java application programs. The BD program creation

25 unit 6104 receives a request from a user via GUI and creates
each program's source code according to the request. The BD
program creation unit 6104 further creates the BD-J object file

246A from the BD-J object and compresses the Java application
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[0460] 15(3) A check is performed on whether the playback device is
excluded fromthe device list indicated by the public key information, and
specifically, whether the device key of the playback device is excluded
fromthe device list. [0461] 20If at |east any one of the results of the
checks (1) to (3) is negative, the playback device stops decryption
processi pygogkamse iendhept®R daHitle oiverTed yfilés aRiedf anfle2d@dulars of the
checks (1) to (3) are affirmative, the playback device authorizes the

publ i ¢ kéyanstermad on, thed Losmaypprorkss2BgenoifEpradstitl e key included in
the public key information using the device key, the MKE, and the
|dent|f|é§ﬂ§8i information of the SD nenory card, thereby to obtain atitle
key. The playback device further_decrypts the encrypted data using the
title key, thBREBy ib bBtaFFECY|thal sthedR ah@Rrech & AreREEEY f or
exanpl e. [ 0462] The_afore-nmenti oned nechani sm has the fol]lowi ng 5

advamt agé®h 150 EP%[%‘B‘&E’Rgdé’ch thGonpds? t PER&IC tel EHEFtS, FRAd PXIGHTE i on

(program that .have risk of being,in an unauthorlzeg manner, are r eady
known mh@ﬁe&élt:&opsu?t‘én%%ﬁq FOPWH 37t 1T el % LPORT 21T ST I HRREOFE q%ﬁ@
correspo S dentificat.ion nf tion.,are |isted t devi ce
[t ande o0 GYb o Ghy PECER G e fi'esed'ete s E
ot her han the pla ba devi e that h he distr ti dat a
|neV|tangjee5d§%P €3 %pgre F 8535 % ﬁg‘gggét%bn 5?%%59%%

i ncl uded ?‘ésd‘a\é‘t%eak' gfle"‘&&@%%;% Scéét]:é’f?égéa"%ﬂéwr?al ”fz%a ma | o

of the p? ack deV|ce i ona enen

resuyld, th tﬂ PL; t{ cégted%w 18?@%&3& cﬁpé@xg aé s&"oanﬁag se@rytf "ke

are |dent|f|e evi ce deV|ce cannot use e

publi c ke roph@rMRk 88r§@5¥>9ﬁ8£ﬁ8tt<5‘9cﬂ@%n?d§% é&a‘%ﬁ: data L96k Uﬂ‘?dcﬂé the

distribution data even if the cofrbi nati on of” 2 he identification nunber

of the SBDﬂﬁ”Bb%je%%r gy hBenyKBre tFeaROCiMPLIed AfdhRa kB Gt tderdayi ce key
is correct his manner, it is possibl'e to effectively prevent
dlstrlbugho@hgaagtgk@ghb@mag @3@d .in an unaut hori zed manner. [0463]

[0431]

15 In accordance with the parameter file 6116, the multiplex
processing unit 6105 multiplexes each of the elementary streams
6111-6114 stored in the database unit 6107 to form a stream file
in an MPEG-2 TS format. More specifically, as shown in Fig. 5,
each of the elementary streams 6111 to 6114 is converted into

20 a source packet series, and the source packets included in each
series are assembled to construct a single stream file. In this
manner, the AV stream files 245A-C shown in Fig. 2 are created.
[0432]

In parallel with the aforementioned processing, the

25 multiplex processing unit 6105 creates the clip information
files which respectively correspond to the AV stream files

245A-C by the following procedure. First, the entry maps 1103

and 3823 shown in Figs. 13A and 40A are generated. Next, for
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25The identification information of the sem conductor nenory card is
desirably recorded in a recording area havi-ng high confidentiality included
in a recording area of the sem conductor nmenory card. This is because if
the identification information such as the serial nunber of the SD nenory
card has been tanpered with in an unauthorized manner, it is possible to
easi |y reathzy ahredhdgdle,copy stfrebimea SDr pwpe i néartha tivnot et showds, | f
the tanpering allows generation of a 5 plurality of sem conductor nenory
cards havinFighe 1Lanes | denra¢tedt foami eechrmlianentiary sstpgwmstel Bet o
identify between authorized products and unauthorized co products by
perfornimglthelabgde-H@sth¢b@@r%heﬁkfﬂ%%ﬂlﬁWeFégérellit3£grﬁ%@%§§§ny to
record the identification information of the 10 seni conductor nenory card
on a recamitigoarseRi ThmaPFENE sifiafenef Atnepm at b Heypte dngPaTedt Ofhe
identification information from being tanpered with in, an unauthorized
manner . [6482F0THRte@ MGl FCaF bR iIPIRAH b MrdehE P aFREGS 2B AV
structured within_the sem conductor nenory card in the follow ng nanner

for exanft&eap fdt€-as a recording area electrically disconnected froma
recording area for recording normal data (hereinafter, "first recording
area"), Hé?ﬁir recording area (hereinafter, "second recording area") is 20
provi ded. Next

recordi ng areaTPg ggg%%ggag§%§%Fﬁn§ﬁ§£§§L¥§bﬁd%%% %%%G%PE&QRkRFdi%&pnd
image 6120 of the directory structure 204 shown in Fig. 2 from
10 (i) the BD-ROM scenario data 6115 stored in the database unit
6107, (ii) a group of program files including, among others,
a BD-J object file created by the BD program creation unit 6104,
and (iii) AV stream files and clip information files generated
by the multiplex processing unit 6105. In this directory
15 structure 204, UDF is used as a file system.
[0434]

When creating a file entry of an AV stream file, the format
processing unit 6106 refers to the entry map of a corresponding
clip information file. In this manner, the SPN of each entry

20 point is used for creation of allocation descriptors. In
particular, allocation descriptors in a file entry'of an AV
stream file of 3D video images are created such that, with a
depth map extent at the start of the file, three types of extents
are arranged alternately, as shown in Fig. 49. Furthermore, the

25 size of each extent is set so as to fulfill Equations 4-8, and
the value of the logicaj. address shown by each allocation
descriptor is determined accordingly.

[0435]
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menory card. As a result, access to the second recording area can be
performed only via the control circuit. For exanple, assunme that only
encrypted data is recorded on the second 25 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 péltf @ddkd ionly by usdng et RsamendeBrhciREQIPaEsCRtDEEO t herein
an address of each piece of data recorded in the second recording, area.

Al so, arsterr@skn dthe s ghasse WILtd&l8 7 eEBLJEATBATL RECSREBHAT r'@ebt di ng
area may be stored only in the control circuit. In_this case, only the
control €19 rReatsf itdenBy Pesagfagad? @54 DROWAH 1186 8P2daRd ?2%orded on

t he second recording area. [0465], In the case where the

i dent i fi £E2¥ el Af BEBRNERIY HEL A SESRETE bt L nEREr§° S s®tdor ded on
th d di 10 , i cation, i ng. h
; oy Bac kRt FEOTd AR BhLtn T e B HrStr i BHt Honhave de o B ePeki roni ¢

i stribution, and ds .t ired data_in_th i d
Card | TR EOH ol Ty oSSBT FeO Tt BRPeratahe Lagn T ae PER pr ogr am
i t. to th i i i dI/F
for accoBR G B THEN FFFeaT SRoTnronratioh oor pratal aed o =fo oy
card recrdgchon 1ie, $5eaAd LRE0LALAYLAT BY. olhle Lo the aggess

e 0 ult r S

request, "the contiol- Cit st Tea he identification information

fron1thgv§?ﬁgfqi{ éégfgﬂ@JﬁHfﬁhﬁfﬂg?%, LREoEPOLE Oba ThL Gl RIANSTHES 20 the

identification 1nformation to the application programvia the nenory card

| I'Fq gThesappL 3@5&98 elg &ﬁé‘&&%ﬁﬁ Bt dd aBSHRSS aepthacyesip ofakhe

di stribution data together wt e I'dentification information. The

appl i cat ng@éoﬁéﬁPééé&%@&r%\y% dforddh R ifd eeirdetrendwignageptak t he
sem conductor nenory 25 card via the nmenory card I/F, the public key

i nformat benzpngihbe dhagekbubpensdatadr pgebradrf sepethe.di stribution server
in response to the transm ssion request.
[0436]
Thereafter, the BD-ROM disc image 6120 generated by the
15 format processing unit 6106 is converted into data suited for
pressing of a BD-ROM disc, then recorded on the master to be
utilized for creation of the BD-ROM disc. Mass production of
the BD-ROM disc 101 pertaining to Embodiment 1 of the present
invention is made possible by using the master in the press
20 process.
[0437]
<Supplementary Explanations
[0438]
<<Data Distribution wvia Broadcasting or Commnication
25 Circuits>
[0439]

The recording medium according to Embodiment 1 of the

present invention may be, in addition to an optical disc, a
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[ 0466] Not e that the above-described 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 nenory card. The check may 5 be perforned using a digital
certificate compliant with the X 509 standard. Furthernore, it is only
necessar generedc yegovablei medibut pvaitdabici asthaorddhage madbirwi nfFutlea of

t he sem conductor nenory card, as descri bed above. Access to the

di st ri buBiSch P@ATtaDAEEIRHoTONSBIGERI MEMPEY dsV iR in6ANASNIET ERIMEME® WD t he
sem conduct or nmenory card. [0467 "Application to Real -Ti me Recording"
[0468] EFGSE- ni%%o,z\éﬁlﬁo 1 2B E¥aNesed aghoPhécad Hssktnpt i on
that an AV streamfile and a I aylist file are recorded on a BD- ROM di sc
usi ng t hé&Ppr BR&EBr o‘il?ﬂbatehﬁfr‘hl Tof *ERETEGCNoPPRETEYIPEM BFEStHe rRcor ded
AV streamfile and playli st f|Ie are provided tq users, Alternatlvely, It

my be p&FESVERECE oralahAhyks f 5F ARt ¥alCRGL ot di Agcht RE A 20
oLy an ! Ehe sl e BIAYLRE DS 2 0 G e e I sieh 2o @
invention is 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 a conventionally available
10 writable optical disc such as a BD-RE or a DVD-RAM, arrangement
of the extents according to the above-described embodiment may
be used. Here, the terminal device may be incorporated in a
playback device, or may be a device different from the playback
device.
15 [0440]
<<Playback of Semiconductor Memory Cards>>
[0441]
The following describes a data read unit of a playback
device in the case where a semiconductor memory card is used
20 as the recording medium according to Embodiment 1 of the present
invention instead of an optical disc.
[0442]
A part of the playback device that reads data from an
optical disc is composed of an optical disc drive, for example.
25 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 detail, a card slot is

provided with the playback device, and the I/F is mounted in
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menory card (hereinafter, "BD-RE disc or the like") , and provide the user
with the recorded AV streamfile and playlist file. In such a case, the AV
streamfile nay be a transport stream 25 that has been obtained as a result
of real-tinme decoding of an anal og i nput signal performed by a recording
device. Alternatively, the AV streamfile may be a transport stream

obt ai nedtas gardsslot of Whemn ttihel seatlicomdyic torlimgimpalyl gardpis insewtsgsbrt
stream perfornmed by the recordi ng device. [0469] The recording

devi ce pépter nithg r eardt | #koE ecoblde ngS $MEFOAGECROY| deemery oderrd ariaudi o
encoder, a nultiplexer, and 5 a source packetizer. The video encoder
encodes &lgicde&d caildvaronpeeshdert tht that Blaybprgbodsyieanyigne@uli B encoder
encodes an audi o signal to convert it into an audio_stream The nulti pl exer
mul ti pl eX&E thFEMPEGeot B Fekm ehycaddirn tREFRT - CHNE T PRBRTY RF S
digital streamin the MPEG 2 TS format. The 10 source packetizer converts
TS patket® ithe RdagPgikat eyt carmitn tSEG/F TS format into source packets.

The recorgizl%%a devi ce stores each source packet in the AV streamfile and
wites tH Istreamfile on the BD-RE disc or the |ike. [0470] 15In

parall ol W L BLSERS! e L le A St sar (L) ol ony o
playlist ;i Le,in.the menory and wites
[0444]

10 Here, the mechanism for protecting copyright of data
recorded on a BD-ROM disc is described, as an assumption for
the following supplementary explanation.

[0445]

From a standpoint, for example, of improving copyright

15 protection or confidentiality of data, there are cases in which
a part of the data recorded on the BD-ROM is encrypted. The
encrypted data is, for exampie, a video stream, an audio stream,
or other stream. In such a case, the encrypted data is decoded
in the following manner.

20 [0446]

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 key. On the other hand, the BD-ROM disc has recorded

25 thereon another part of 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,
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the files on the BD-RE disc or the like. Specifically, when a user requests
performance of recording processing, the control 20 unit first generates a
clip information file in accordance with an AV streamfile and wites the
file on the BD-RE disc or the like. In such a case, each tine a head of a
GOP of a video streamis detected froma transport streamreceived from
outsi de, 2B eaeh averefurdEr Gsiatas stitdnm PargdrerareddeRtifdeVi deo 25
encoder, the control unit acquires a PTS of an | picture

posi t i onedatERBhEREDf2 tBEA ¥ arREAFASPND It SRR difgc L BROWRI ch t he
head of the GOP is stored. The control wunit further stores a pair of the
PTS and {R&ISPNE a8aBEdYerd V9 1BEND | HhgR thehePYL BBt 6P et PFVitRFor mat i on
file. Here, an "is _angl e change" flag.i s_added éo the entry_pojnt. The

i s_angl ekeRarge 1&g Qes%‘?c’fﬁpt%ﬁi\"tﬁ%ﬂeenk?ﬁe ARAFRF VorE i Z°Y DR

icture, and "off" when the head of th ' t 5 I | ct . Inth
Gl i pY 1t GORBEFGN 719 ERoStREAH BEEA BERECT TOPRGRRN | STt CEde i n |
accordance. W t an@'{tri bute of .a_streamto bte rggord%d. |0 this manner,
after wPPrig PR AVSt FRERTPRFECENd St KIS D 1 ntBF mEE0F TIPS HORES t he

BD- RE di Sthe ik he. | i | List fil _
oD RE 0 Shcdl» BenkLbecnd e £00EEL O PR AL P st et 0 10

. . i'p T nform e~ 6n 't he
BD- RE di ’Eﬁe%rnct%ééc{@ltﬁgﬂé}} is first decrypted using the device key,

the MKB, and the volume ID. Only when the title key can be
10 obtained as a result of the decry‘ption, the encrypted data can
be decoded using the title key as the above-mentioned "key."
[0447]
When a playback device tries to play back the encrypted
data recorded on the BD-ROM disc, the playback device cannot
15 play back the encrypted data unless the playback device has
stored thereon a device key that has been associated beforehand
with the encrypted title key, the MKB, the device, and the volume
ID recorded on the BD-ROM disc. This is because a key necessary
for decoding the encrypted data; namely a title key, can be
20 obtained only by decrypting the encrypted title key based on
the correct combination of the MKB, the device key, and the
volume ID.
[04438]
In order to protect the copyright of at least one of a
25 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, a key is generated based on the combination of the
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"Managed Copy" [0472] 15The pl ayback device according to Enbodi nent 1 of
the present invention may wite a digital streamrecorded on the BD ROV

di sc 101 on another recording nmediumvia a nmanaged copy. Here, managed copy
refers to a technique for permtting copy of a digital stream a playlist
file, aclipinformation file, 20 and an application programfrom a

r ead- onl MKBecbhdi devhedi lvey s uehd ashe BELREM I s @antd thewmtiittdlsl éeyedsr di ng
mediumonly in the case where authentication with the server via

comuni canforptadcestsg tHee kel Ise wsi tabbe ¢eroRHlied edliamenygleEracdr it abl e
optical disc such as a BD-R, a BD-RE, a DvD-R, a DVD-RW and 25 a DVD- RAM
and a potihbpe ksahi cBadtbesROREDIGhaicMKBe dieh We1lunAar® diand &ReSD
menory card, a Menory Stick (TM, a Conpact Flash (Tl\%, a Smart _Media (TM,
and a I\/UP?FWBFadCEF-élFTWFY Arﬁaﬁ§§@é‘d€§p§>naftPG\A§Df'Bp P&SCat PBAYoR t he

nunber of backugs
5 playback device storing thereon the device key to be used for

generating the above-mentioned key can decode the encrypted

video stream and/or the encrypted audio stream recorded on the

BD-ROM disc using a decoder. In this manner, it is possible to

protect the copyright of the data recorded on the BD-ROM disc.
10 [0449]

The above-described mechanism for protecting the
copyright of the data recorded on the BD-ROM disc is applicable
to a recording medium other than the BD-ROM disc. For example,
the mechanism is applicable to a readable and writable

15 semicohductor memory device and in particular to a portable
semiconductor memory card such as an SD card.
[0450]

<<Recording Data on Recording Medium through Electronic

Distributions>>
20 [0451]

The following describes processing of transmitting data
such as an AV stream file for 3D video images (hereinafter,
"distribution data") to the playback device according to
Embodiment 1 of the present invention via electronic

25 distribution, and causing the playback device to record the
distribution data on a semiconductor memory card. Note that the
following operations may be performed by a specialized terminal

device for performing the processing instead of the
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data recorded on a read-only recording medi um and for char gi ng for backups.
[0473] When a managed copy is perforned froma BD-ROMdisc to 5 a BD-R disc
or a BD-RE disc and the two discs have an equival ent recordi ng capacity,
the bit streanms recorded on the original disc may be copied in order as
they are. [0474] If a managed copy is perfornmed between different types 10
of recoradboygemeenbionedr apdaybdeknecdisviee be pésbor nddhe Hefellawingans
code" refers to processing for adjusting a digital streamrecorded on the
ori gi nal dgssripblohel afddachonohhe crsRenpE 1 en rdwedt §hggSARUFORIEARPTI s t he
copy destination. For exanple, the trans code includes the process of
conver t i RGNARY WPEGS Phas ipm recepading: e okl MPEDD 153y SRR BARRFSr et and
“the process of reducing a bit rate of each of a video stream and an audio
st ream ahB4Pélencodi ng the video stream and the audio stream During the
trans code, an AV streamfile,  a C“E inforrrgtiog fiIS, and.a_pl a Idi st file
need %t o be gentratRPYREEhedghhTe- HERLIEREATEE PBAVER ﬁﬁcFéPSFdFﬁé. [ 0475]
" Met hod fir Describing Data St <r:_luc:tur.e" %8476}.L Am)gg t he atg tr&ﬁtures in
Enbodi mefit %t - of "t A8 BrEgEd: °25% AdentFs ted r8heates §tttcfaPe "tHere is a
E;ur ali tzlg{rbgéﬁcggvgcfzel Jr.]rflot'[ﬂr:?é 'S natheavfirlt%ta rra%ds(tanti rsman%%ag'légﬁssli%ndﬂl ned
request of distribution data to a distribution server on a
network. Here, the playback device reads identification
10 information of the SD memory card from the SD memory card, and
transmits the read identification information to the
distribution server together with the transmission request. The
identification information of the SD memory card is for example
an identificatioh number specific to the SD memory card, more
15 specifically, a serial number of the SD memory card. The
identification information is used as the above-described
volume ID.
[0453]
The distribution server has stored thereon pieces of
20 distribution data. Distribution data that needs to be protected
by encryption such as a video stream and/or an audio stream has
been encrypted using a predetermined title key. Here, the
encrypted distribution data can be decrypted using the same
title key.
25 [0454]
The distribution server stores thereon a device key as

a private key common with the playback device. The distribution

server further stores thereon an MKB in common with the SD memory

205



describing an initial value of a control variable and a cyclic condition in
a "for" sentence. Also, a data structure "if a predetermned condition is
satisfied,predetermned information is defined" is defined by descri bing,
inan "if" sentence, the condition and a variable to be set at the tine
when the condition is satisfied. In this manner, the data 5 structure
descri begaird . Babodi ragnivins thestranbeuigsing reduesit |ofy i sprddpusienng

| anguage. Accordingly, the data structure is converted by a conputer into a
conput er dp&adabf et ke ddapitd filva triaan dngorew tgosc e s stipe rd memp 1y cardonpi | er,
whi ch includes "syntax analysis," "optim zation," "resource allocation,"
and 10 " &588 geer Alipgkackandeyhes dattdisst AisttiBur$oRheFEFERDr ddStn t he
recordi ng medi um By being described in a high |evel programm ng |anguage,
the dat a98PPGEL6Fe # s keMeatBaMadhe pdel 16f3he]FeYhar?h(eneMFrgt hPdf H¥%e cl ass
structure_in _an.object-oriented, | anguage, specifically, as_an array type
Tenbet  1596HERAECA AP PRECTHES1ORr (REE SRCRAIEE TR T IR KA { he

program _ln ot her rds, the data structure is substantially equivalent to
B ot afferREPEFaFea Rhy' 5 HELEFRERUAE ROSAYPEBSE Ipis: BEVed as a
conputer[r%% Hed invention. [0477] 20" Managenent of Playlist File and Cip
Infornatig I'l e by Playback Prograni [0478] When a playlist file and an AV

streamfile arg.recorded gn g, i g6 %GIBM N MyeRRLALRACK, BT PO" ATy S

recorded on the
information. The public key information includes, for example,

10 the MKB, the encrypted title key, signature information, the
identification number of the SD memory card, and a device list.
The signature information includes for example a hash value of
the public key information. The device list is a 1list of devices
that need to be invalidated, that is, devices that have risk

15 of performing unauthorized playback of encrypted data included
in the distribution data. The device list specifies the device
key and the identification number for the playback device, as
well as an _identification numbexr or function (program) for each
element in the playback device such as th‘e decoder.

20 [0456]

The distribution server transmits the distribution data
and the public key information to the playback device. The
playback device receives the distribution data and the public
key information, and records the received distribution data and

25 public key information in the SD memory card via the exclusive
I/F of the card slot.
[0457]

Encrypted distribution data recorded on the SD memory
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25 recording nmediumin an executable format. The pl ayback program nakes the
conputer play back the AV streamfile in accordance with the playlist file.
The pl ayback programis |oaded froma recording nediumto a nmenory device
of a conputer and is then executed by the conputer. The |oading process

i ncludes conpile processing or |link processing. By these processes, the

pl aybackcpirdgrismdernipiattdus g ahpI@N&LHQ/kﬁYSE@f©@m@t Pnt ha ﬁ@#ory
device. The sections include a text section, a data section, 5 a bss

secti on, faAdoxisgaeannsst for, exmePlex Fikalti ShTEACIRRS Of cererkaprsy of the
pIayback program_an initial value, and non-rewitable data. The data
section PREEGEEEAAF AMEETHIGREINT i@ VAP uBYLARE Ker indEraadder. |n
particular, the data section includes a file, recorded. on the recording
devi ce, Th&Fe16hesksHBXcPEsBEUTREMERAY 1 REY PRESEss section i ncl udes
variablez haV|ng no initial value. The data included in the bss section is
ref erenced4P§laccordance with commands indicated by the code in the text

e secti on | VbUESRIEK 17 DI Ao et et T Ss'd"e%maf”l Aok

[ [ | 1124 h of
The. pr ocALEBERYPhOpI PBath BrBATY rﬁft%?itd@%??%ﬁfriitsfa oy
used. The 3136k SSLLANLOC| oS LOESE sLagal varLabl a5 o rtnt . Riparam i s

execut ed var ab SSsecfion are I ni y se at Zero,

and the @g&g§§aggrﬁegg%gragga bioﬁ%%ea§? i dihe stack section. [0479] As
ep [

descri bed abo ayl 1 st I"'e and the cllp information file are
al reggly q@nweyjted on the recording device 25 into conputer readable code.
Accordingly, at the tinme of execution of the playback program these files

are each managegd) aSchaoR1k8YE+ £ 3hEd dalwhetHet Bond SxXasgeldOAhtay a "file
based on the public key information matches the hash value
included in the signature information.
[0460]

15 (3) A check is performed on whether the playback device
is excluded from the device list indicated by the public key
information, and specifically, whether the device key of the
playback device is excluded from the device list.

[0461]

20 If at least any one of the 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 key information, and decrypts the

25 encryptedtitle 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,
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accessed at any tine" in the data section. In other words, the pla.ylist
file and the clip infornmation file are each included as a conpositional

el enent of the playback programat the tinme of execution thereof.
Therefore, the playlist file and the clip information file fulfill a
greater role in the playback program5 than nere presentation of data.

[ 0480] "SherehyLSp"obbasn] aAvpiagbatkednvhod/accordangicosEnbani felt 1 of
the present 10 invention includes m ddl eware, a systemLSl, and hardware
ot her theXampéesystem LSI. The pl ayback device further includes an
interface for the mddl eware, an interface between the m ddl eware and the
system LEP468h interface between the niddl eware and other hardware, and a
user interface. Wen these 15 elenents are incorporated in_a Ela back
devi ce, they ope? at 8fPEecBEpELSPEN WadhadHSMndtder . the afPéd@Mineach
el ement provi des the_playback device with a parti.cular function. B
apprébrig@%?Vtﬂg?in?%gatgi?Y?ﬂ?ﬁfQS¥%QQm'QHﬂﬁaﬁ%ﬁﬂQRéarglgﬁﬁnFﬁe Fﬁéerface
bet ween t m ddl eware and.the s sten1L8g, '% i.s 20 possible . to.devel op the
User i nt BrTE LR ABFEVARD) BRAC GRORTESI OF bR phaybeRuRkprdEe

i ndependent | LN parall%gf and effjiciently. .Note that.in each_interface,
there. | SUQRMEFaPry & et yRur S uthehn Sess: it Cre Tt T e T1a5 thE
[Industrig c@PB{ﬁS?‘b'&i'bsttQ(iﬂlféS&J the ?cz%rs%g)‘?{&iﬂgnve;giéé?é'sre' gles to a
techni qué Tor playi ng bacK steredscopi C video i mages. “As desScri bed above,
the pr esf&én\g%zication information are listed in the device list and

10 are distributed as part of the public key information. On the
other hand, the playback device that has requested the
distribution data inevitably needs to compare the pieces of
identification information included in the device list with the
pieces of identification information of the playback device,

15 its compositional elements, and the like. As a result, if the
playback device, its compositional elements, and the like are
identified in the device list, the playback device cannot use
the public key information for decrypting the encrypted data
included in the distribution data even if the combination of

20 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.

[0463]

25 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 is because if the
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i nvention provides clear lower Iimts for the base-view extents and the
dependent - vi ew extents recorded on a recording nedium It is thus clear
that the present invention is industrially applicable. 5 [Reference Signs

Li st] [0483] DAl Accunul ated data anount in first read buffer DA2
Accumul at ed data ampunt in second read buffer 10UL1 Buffer I n_anount

f or f|rsf—deeaafbaﬁf:épnw@f@aﬁq@owhqaan‘ela%tser@als@é@ﬁ&rr%dﬁ fPer Dnnth
depth map extent Ronth right-view extent Lnnth |eft-view extent 15PRRn Read
period fBPTAEXtERTd has begmsampersdswe tbr 1 rath AU Perdsot "PRmEd at el y
after nth rjght-view extent PRLn Read perjod for nth I ft-view extent PJLRn
Junp perfLBdlsig RREEIALEl 5P SFL?éPYn’é%aJeme 58 oht 0% b OB B thEATR MErbR Y

i nredi at eI a
xd f%rei\rot Qr rv& rgs, i t )ét gartnperlng allows generation of a

5 plurality of semiconductor memory cards having the same
identification information, it is impossible to identify
between authorized products and unauthorized copy products by
performing the above-described check (1). Therefore, it is
necessary to record the identification information of the

10 semiconductor memory card on a recording area with high
confidentiality in order to protect the identification
information from being tampered with in an unauthorized manner.
[0464]

The recording area with high confidentiality is

15 structured within the semiconductor memory card in the
following manner, for example. First, as a recording area
electrically disconnected from a recording area for recording
normal data (hereinafter, "first recording area"), another
record:_i.ng area (hereinafter, "second recording area") is

20 provided. Next, a control circuit exclusively for accessing the
second recording area is provided within the semiconductor
memory card. As a result, access to the second recording area
can be performed only via the control circuit. For example,
assume that only encrypted data is recorded on the second

25 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 causing the control circuit to store
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Jian Junp imedi ately after nextent CLAIMS 1. A recording nmedi um on which
a base-view streamfile used for nonoscopic video playback and a
dependent-view stream file used for stereoscopic video playback in

conbi nation with the 5 base-view streamfile are recorded, t he
recordi ng medi um conprising a contiguous area in which a plurality of

base- vi edhexeéntan rsldnegisngf teneh@lggseodi ks mesprdad ende gegrndal ity of
dependent -vi ew extents bel onging to the dependent-view streamfile are

ar r angedrEAOEALRG d¥par PdsPedanmhiressveéreaph plece of Jarecesiedof a
size of each base-view extent is a larger one of_a first |lower |imt value
and a se€BnEh¢ RFoNd FeCoFaling, area mayihp stored PeEr 1Rithe cPRtEel s
determined so that, in nonoscopic. video playback, buffer underf | ow does
not occuFIFRUiE -alpl BhbackEtRyi el Uurth R M PrTHF 1F8mEESh Hse- vi ew
extent to a pext base-view, extent, the secqond lower |imt .value is
det erhi nB8 3 KRR OLisp BLBOS ?iét\a}ilifé‘é’lpdﬂeéjyﬁ’aé%e BEFPRY T&TE A Pow does
not occur in a playback device during a read period of a next 20
dependenf¥¥Pew extent after each base-view extent, a lower linmt of
a size ofo§§ dependent -view extent is a third lower |imt value, and

t he thiré r-limt value is determned so that, in stereoscopic video

pl ayback, buff £h Wgecra{csé %eq:%e%hgog.dgﬁ{:%%ication information of the

semiconductor memory card is recorded on the second recording
10 area, an application program operating on the playback device
acquires d.ata from the distribution server via electronic
distribution and records the acquired data in the semiconductor
memory card, the following processing is performed. First, the
applicétion program issues an access reguest to the control
15 circuit via 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 request, the
control circuit first reads the identification information from
the second recording area. Then, the control circuit transmits
20 the identification information to the application program via
the memory card I/F. The application program transmits a
transmission request of the distribution data together with the
identification information. The application program further
records, in the first recording area of the semiconductor memory
25 card via the memory card I/F, the public key information and
the distribution data received from the distribution server in
response to the transmission request.

[0466]
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25 in a playback device during a read period of a next base-view extent
after each dependent-view extent. 2. The recording nediumin Caiml,
wherein a dependent-view extent is arranged at the head of the
conti guous area, an nt hbase-vi ew extent has a size Sextl [n] , where
an integer n is larger than one, 5during nonoscopic video playback by a
first playbackNoewi céhathatthienclaime= -ddsiaritbaceadpplfitat iand prbgrsn
decoder, when (i) a junp tinme Tjw,p_n(n) fromthe nth base-view extent to
an (n+1) éapasablyeaheskenvheshersqbheedpplirptéashrbagsean ésekfehesi s read
into the first read buffer at a rate Ruci_m and 10 (iii) the base-view
stream fPeen; sanpaned ovi el frofprhel I5Hng il asiFsss neguesé ftior shedecoder
at a nean rate_Rejm _;m then the first lower Iimt value is expressed by
the ri ghFoﬂﬁﬁalsqld“&Lb’“ft PRI SRR B G aL BRNORY 9 -XTRe schexty ma3n[ n] -

j unp-20[ Rud- 2D Rext 1-2D 15an (n+l)th dependent-vi ew extent | ocated next
after th@ nPRTbatBedi Biledt 8ntlifasas §Ff§l§éF§Fﬁ+meP&&PPﬁgW§FEr§8§cop|c

vi deo pl ayback second back device that |ncludes a second. read
bt for B B A PR R st oY SRS SATan P 5 aah SBRse. vi ew

extent Ialsgrlbutlon data in the first recording area of the
semiconductor memory card, as described above. Access to the
distribution data need not be controlled by the control circuit
10 of the semiconductor memory card.
[0467]
<<Application to Real-Time Recordings>>
[0468]
Embodiment 2 of the present invention is based on the
15 assumption that an AV stream file and a playlist file are
recorded on a BD-ROM 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
20 stream file and the playlist file in a writable recording medium
such as a BD-RE disc, a BD-Rdisc, a hard disk, or 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
25 that has been obtained as a result of real-time decoding of an
analog input signal 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

211



20 into the second read buffer at a rate Rua-so, (ii) each dependent-view
extent is read into the third read buffer at a rate Ruci _3D, and (iii) the
base-view streamfile is transferred fromthe second read buffer to the
second decoder at a mean rate Rext1l-3D then the second lower limt value is
expressed by the 25 right-hand side of the follow ng equation, S an[n]

Rud- 3D XtReubpeptSstufam- Be¥fbrudd3bg Rbe- ZBcorRargldeDignad during

t he stereoscopi c video playback, when the dependent-view streamfile is
transferf@déPromthe third read buffer to the second decoder at a nean rate
Re,th2_3D, then the third lower limt value is expressed by the right-hand
side of 5 the Th¢| sRcryddadat fonica SentIMinRS> ReRext MYDregorgdigg | [ n]

Rud -3D - Rext2-3D Rud -3D ) ]
includes a video encoder, an audio encoder, a multiplexer, and

5 a source packetizer. The video encoder encodes a video signal
to convert it into a video stream. The audio encoder encodes
an audio signal to convert it into an audio stream. The
multiplexer multiplexes the video stream and audio stream to
convert them into a. digital stream in the MPEG-2 TS format. The

10 source packetizer converts TS pa'ckets in the digital stream in
MPEG-2 TS format into source packets. The recording device
stores each source packet in the AV stream file and writes the
AV stream file on the BD-RE disc or the like.

[0470]

15 In parallel with the processing of writing the AV stream
file, the control unit of the recording device generates a clip
information file and é playlist file in the memory and writes
the files on the BD-RE disc or the like. Specifically, when a
user requests performance of recording processing, the control

20 unit first generates a clip information file in accordance with
an AV stream file and writes the file on 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 video

25 encoder, the control unit acquires a PTS of an I picture
positioned at the head of the GOP and an SPN of the source packet
in which the head of the GOP is stored. The control unit further

stores a pair of the PTS and the SPN as one entry point in an
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3. A playback device for playing back video i nages froma recordi ng nmedi um
t he pl ayback device conprising: 10a reading unit operable to read, fromthe
recordi ng medi um a base-view streamfile used for nobnoscopic video

pl ayback and a dependent-view streamfile used for stereoscopic video

pl ayback in conmbination wth the base-view streamfile; a separation unit
oper abl eenbryepamesd e ekt etthe f rri heinSorwatiipasefiilew stheken fi B& and t he
read dependent-view streamfile; a first read buffer storing, from
among sepasasrglexcbange" badedi @d@&ﬂst@elmu Agtry tRlHase Theew
streamfile; a second read buffer storing, from anon arated 20

extents, HépéﬁﬂéﬁLCbﬁéﬁﬁeﬂéﬁt%%&%%g?%g'f%‘%’hé”%péﬂtﬁe%{ea\ﬂo &k $heeSRPfil e;

and a decoder operable to regelve fromeach read buffer, conpressed

pi ct ur esif RN udeR Phc‘é%ﬁ SABntoHRY Wt ddhrid9amk LorpresSEd i5i &k es,

25t he recordin nedlun1co risin ont| uous ea i.n which a urallty of
L% 0% 58 :

base-Vi edF et e - aIB @l &Qﬁtf%[%wsétﬁe&ﬂ ethrdPtanged in

an interl eaved nner, 221 . wher
:I‘Lngorma ion Es g rther s E{\: in accordance with an attribute of

a stream to be recorded. In this manner, after writing the AV
stream file and the clip information file into the BD-RE disc
or the like, the control unit generates a playlist file using

10 the entry map in the clip information file, and writes the file
on the BD-RE disc or the like.

[0471]
<<Managed Copys>>
[0472]

15 The playback device according to Embodiment 1 of the
present invention may write a digital stream recorded on the
BD-ROM disc 101 on another recording medium via a managed copy.
Here, managed copy refers to a technique for permitting copy
of a digital stream, a playlist file, a clip information file,

20 and an application program from a read-only recording medium
such as a BD-ROM disc to a writable 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-RW, and

25 a DVD-RAM, and a portable semiconductor memory device such as
a hard disk, an SD memory card, a Memory Stick (TM), a Compact
Flash (TM), a Smart Media (TM), and a Multimedia Card (TM). A

managed copy allows for limitation of the number of backups of
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alower limt of a size of each base-view extent is a |larger one of a first
lower Iimt value and a second lower limt value, the first lower limt
value is determned so that, in 5 nonoscopic video playback, underf | ow
does not occur in the first read buffer during a junp period from each
base-view extent to a next base-view extent, the second lower |imt
val ue i sddbaeredonded on Aarcad ot eressyshing nedésmpiag Faek changérgl ow does
not occur in the 10 first read buffer during a read period of a next
dependenfoyi backupent after each base-vi ew extent, a lower limt of
a size of each dependent-view extent is a third lower limt value, and the
third | oMA7Bilnit value is deternmined so that, in 15 stereoscopic video

pl ayback, underfl ow does not occur, in the second read_buffer durin% a read

period of a neWRePRIIHIMESIPN 1T R AT USHIETH BRI et 4.
An integrated cjrcuit | oaded on a playback device for playing 2Q back vi deo
ey PR R Pl B BRe B o L BE TR Qe BIRsr Lariyalent® V!

di it ble t f t.h di di b -
stream f FPECRS0AT GPOABAEEcophe Rt et TTAbDAIC AP S o gl SRe Sraw st ream
file useaF%or ste eoscoggg vi deo .25 §%a¥%%%k in conbination with the
atio

base-vi e Fr 88 P &°P 10 Ogdggp Gt operable to separate

extents ﬁpgghﬁhe read base-view streamfile and the read dependent-vi ew
stream file; a first read buffer storing, from anong separated

extents, base-yeow GXASALE OShONU Lty WGP SIS Iy fesand

a second read bu ring, from-anong separated extents, deperndent-vi ew

exteys RBel PQQEPQiﬁQtIF'@dﬁageap%%% chgeWhakheapbfhd erformed. Here,

a "trans code" refers to processing for adjusting a digital
stream recorded on the original disc to the application format
of a recording medium that is the copy destination. For example,
the trans code includes the process of converting an MPEG-2 TS
15 format into an MPEG-2 program stream format and the process of
reducing a bit rate of each of a video stream and an audio stream
and re-encoding the video stream and the audio stream. During
the trans code, an AV stream file, a clip information file, and
a playlist file need to be generated in the above-mentioned
20 real-time recording.
[0475]
<<Method for Describing Data Structures>>
[0476]
Among the data structures in Embodiment 1 of the present
25 invention, a repeated structure "there is a plurality of pieces
of information having a predetermined type" is defined by
describing an initial value of a control variable and a cyclic

condition in a "for" sentence. Also, a data structure "if a
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the integrated circuit conpri sing: a decoder operable to receive,
fromeach read buffer, conpressed pictures included in each extent and to
decode the conpressed pictures; and 10a control unit operable to control
provi sion of conpressed pictures fromeach read buffer to the decoder,

the recordi ng nmedi um conprising a contiguous area in which a plurality of
base-vi epresdecarsinad a pbudakipyp of igdepematasiiedw expeadstarmiarfanged in

an interl eaved manner, 15 wherein . alower limt of a size of each
base- vi einégreatips as|deforedhel ofdef fnedtby slegcyihing varuarafidfd second
| ower |imt val ue, the first lower Iimt value is determ ned so

that, inSABReBEBpi ENGi geedpFagBarRkd aniRFialhRy e MRt déclhe FiMBe first
20 read buffer during a junp, period from each base-view extent to a next
base- vi eWPeRt &he, conditiqe LecsAELIFEHEF | i1 tthAT UBaTReHet BRRI H8E3s0 t hat,
in stereoscopic video playback, underfl ow_does not occur in the first read
buf f &t dEFFHETH PR PEIPEd U1 ERRRIGMIEndndEnteTFEnPos WSAhE 888 each
base-vi e exﬁent, . i lower limt oé.a fize of g&éh dependent,- vi ew
extent i SSEELRTPTVWITT LAREUAI U CGRECHRGLY hi T Fevdrs HiT Y ar8e i s
determ ned_so_that, in 223 ster.eqscopic _Vvideo playback, under.f]| does not
occur | | noPRESEEEAMY 1B APTRHGE: a AgCPBEH Bor Foator e Gl s os

base-vi ew

extent aEESEsE%%?ogeB%BQSQE‘ \f)ie%%lo%te%nby a compiler, which includes

"syntax analysis, " "optimization," "resource allocation, " and
10 "code generation," and the data structure is then recorded on
the recording medium. By being described in a high level
programming language, the data structure is treated as a part
other than the method of the class structure in an
object-oriented language, specifically, as an array type member
15 +variable of the class structure, and constitutes a part of the
program. In other words, the data structure is substantially
equivalent to a program. Therefore, the data structure needs
to be protected as a computer related invention.
[0477]
20 <<Management of Playlist File and Clip Information File
by Playback Program>>
[0478]
When a playlist file and an AV stream file are recorded
on a recording medium, a playback program is recorded on the
25 'recording medium in an executable format. The playback program
makes the computer play back the AV stream file in accordance
with the playlist file. The playback program is loaded from a

recording medium to a memory device of a computer and is then
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executed by the computer. The loading process includes compile
processing or link processing. By these processes, the playback
program is divided into a plurality of sections in the memory
device. The sections include a text section, a data sec.tion,
a bss section, and a stack section. The text section includes
a code array of the playback program, an initial value, and
non-rewritable data. The data section includes variables with
initiéi values and rewritable data. In particular, the data
section includes a file, recorded on the recording device, that
can be accessed at any time. The bss section includes variables
having no initial value. The data included in the bss section
is referenced in accordance with commands indicated by the code
in the text section. During the compile processing or link
processing, an area for the bss section is set aside in the
computer's internal RAM. The stack section is a memory area
temporarily set aside as necessary. During each of the processes
by the playback program, local variables are temporarily used.
The stack section includes these local variables. When the
program is executed, the variables in the bss section are
initially set at zero, and the necessary memory area is set aside
in the stack section.

[0479]

As described above, the playlist file and the clip
information file are already converted on the recording device
into cl:mputer readable code. Accordingly, at the time of
execution of the playback program, these files are each managed
as "non-rewritable data" in the text section or as a "file

accessed at any time" in the data section. In other words, the
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playlist file and the clip information file are each included
as a compositional element of the playback program at the time
of execution thereof. Therefore, the playlist file and the clip
information file fulfill a greater role in the playback program
than mere presentation of data.

[0480]

<<System LSI>>
[0481]

A playback device according to Embodiment 1 of the present
invention includes middleware, a system LSI, and hardware other
than the system LSI. The playback device further includes an
interface for the middleware, an interface between the
middleware and the system LSI, an interface between the
middleware and other hardware, and a user interface. When these
elements are incorporated in a playback device, they operate
in cooperation with one another. As a result, each element
provides the playback device with a particular function. By
appropriately defining the interface for the middleware and the
interface between the middleware and the system LSI, it is
possible to develop the user interface, middleware, and system
LSTI in the playback device independently, in parallel, and
efficiently. Note that in each interface, there is generally

a variety of such appropriate definitions.

[Industrial Applicability]
[0482]
The present invention relates to a technique for playing

back stereoscopic video images. As described above, the present
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invention provides clear lower limits for the base-view extents

and the dependent-view extents recorded on a recording medium.

It is thus clear that the present invention is industrially

applicable.

[Reference Signs List]

[0483]
DAl

DA2

In
PRRn

PJon

Accumulated data amount in first read buffer
Accumulated data amount in second read buffer
Buffer margin amount for first read buffer
Buffer margin amount for second read buffer
n™® depth map extent

n™ right-view extent

n™ left-view extent

Read period for n'™™ right-view extent

Zero sector transition period immediately after n*™®

right-view extent

PRin

Read period for n™ left-view extent

PJizn Jump period immediately after n*" left-view extent

Jon

Zero sector transition immediately after n™

right-view extent

Jizn

Jump immediately after n™ left-view extent
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CLAIMS

1.‘ A recording medium on which a base-view stream f£ile used for
monoscopic video playback and a dependent-view stream file used
for stereoscopic video playback in combination with the
base-view stream file are recorded,

the recording medium comprising a contiguous area in
which a plurality of base-view extents belonging to the
base-view stream file and a plurality of dependent-view extents
belonging to the dependent-view stream file are arranged in an
interleaved manner, wherein

a lower 1limit of a size of each base-viewextent is a larger
one of a first lower limit value and a second lower limit value,

the first lower limit value is determined so that, in
monoscopic video playback, buffer underflow does not occur in
a playback device during a jump period from each base-view
extent to a next base-view extent,

the second lower limit value is determined so that, in
stereoscopic video playback, buffer underflow does not occur
in a playback device during a read period of a next
dependent-view extent after each base-view extent,

a lower limit of a size of each dependent-view extent is
a third lower limit value, and

the third lower limit value is determined so that, in
stereoscopic video playback, buffer underflow does not occur
in a playback device during a read period of a next base-view

extent after each dependent-view extent.

2. The recording medium in Claim 1, wherein
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a dependent-view extent is arranged at the head of the
contiguous area,

an n™ base-view extent has a size Sex: [n], where an integer
n is larger than one,

during monoscopic video pléyback by a first playback
device that includes a first read buffer and a first decoder,
when (i) a jump time Tiump-2p(n) from the n®® base-view extent
to an (n+1)*™ base-view extent is required, (ii) each base-view
extent is read into the first read buffer at a rate Ryg-zp, and
(1ii) the base-view stream file is transferred from the first
read buffer to the first decoder at a mean rate Rexei-2p, then

the first lower limit value is expressed by the right-hand side

of the following equation,

R xR
ud-2D extl—2D
Sextl [n] 2 R x Tjump—ZD [n] ’
ud-2D ~ *Vextl-2D

an (n+1)™ dependent-view extent located next after the
n™ base-view extent has a size Sexcs[n+1],

during stereoscopic video playback by a second playback
device that includes a second read buffer, a third read buffer,
and a second decoder, when (i) each base-view extent is read
into the second read buffer at a zrate Ruyg-zp, (1i) each
dependent-view extent is read into the third read buffer at a
rate Rus-3p, and (iii) the base-view stream file is transferred
from the second read buffer to the second decoder at a mean rate
Rext1-3p, then the second lower limit value is expressed by the

right-hand side of the following equation,

R ..xR_ . S [n+]]
Sextl [n] Z ud-3D ext1-3D % ext2 ) and
Rud—3D - Rextl—BD Rud-BD
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during the stereoscopic video playback, when the

‘dependent-view stream file is transferred from the third read

3

buffer to the second decoder at a mean rate Rextz-3p, then the
third lower limit value is expressed by the right-hand side of

the following equation,

S [n]> R,y 3p X R0 3p v S aln]
ext2 = .

ud-3D ~ Rextz-su Rua'—3D

.3. A playback device for playing back video images from a
recording medium, the playback device comprising:

a reading unit operable to read, from the recording medium,
a base-view stream £ile used for monoscopic video playback and
a dependent-view stream file used for stereoscopic video
playback in combination with the base-view stream file;

a separation unit operable to separate extents ffom the
read base-view stream file and the read dependent-view stream
file;

a first read buffer storing, from among separated extents,
base-view extents belonging to the base-view stream file;

a second read buffer storing, from among separated
extents, dependent-view extents belonging to the
dependent-view stream file; and

a decoder operable to receive, from each read buffer,
compressed pictures included in each extent and to decode the
compressed pictures,

the recording medium comprising a contiguous area in
which a plurality of base-view extents and a plurality of

dependent-view extents are arranged in an interleaved manner,
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wherein

a lower limit of a size of each base-viewextent is a larger
one of a first lower limit value and a second lower limit value,

the first lower limit value is determined so that, in
monoscopic video playback, underflow does not occur in the first
read buffer during a jump period from each base-view extent to
a next base-view extent,

the second lower limit value is determined so that, in
stereoscopic video playback, underflow does not occur in the

first read buffer during a read period of a next dependent-view

- extent after each base-view éxtent,

a lower limit of a size of each dependent-view extent is
a third lower limit wvalue, and

the third lower limit value is determined so that, in
stereoscopic video playback, underflow does not occur in the
second read buffer during a read period of a next base-view

extent after each dependent-view extent.

4. An integrated circuit loaded on a playback device for playing
back video images from a recording medium, the playback device
comprising:

a reading unit operable to read, from the recording medium,
a base-view stream file used for monoscopic video élayback and
a dependent-view stream file used for stereoscopic video
playback in combination with the base-view stream file;

a separation unit operable to separate extents from the
read base-view stream file and the read dependent-view stream
file;
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a first read buffer storing, from among‘separated extents,
base-view extents belonging to the base-view stream file; and

a second readlbufig; sté?ing, frbm among. separated
extents, depeﬁééﬁf;v;éﬁ'dzékténté belongiﬁg' ﬁo the
dependent-view stream file,

the integrated circuit comprising:

a decoder operable to receive, from each read buffer,
compressed pictures included in each extent and to decode the
compressed pictures; and

a control unit operable to control provision of
compressed pictures from each read buffer to the decoder,

the recording medium comprising a contiguous area in
which a plurality of base-view extents and a plurality of
dependent-view extents are arranged in an interleaved manner,
wherein

a lower 1imit of a size of each base-viewextent is a larger
one of a first lower limit value and a second lower limit value,

the first lower limit value is determined so that, in
monoscopic video playback, underflow does not occur in the first
read buffer during a jump period from each base-view extent to
a next base-view extent,

the second lower limit value is determined so that, in
stereoscopic video playback, underflow does not occur in the
first read buffer during a read period of a next dependent-view
extent after each base-view extent,

a lower limit of a size of each dependent-view extent is
a third lower limit value, and

the third lower limit value is determined so that, in
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stereoscopic video playback, underflow does not occur in the
second read buffer during read period of a next base-view extent

after each dependent-view extent.
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