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DESCRIPTION PICTURE CODING APPARATUS AND PICTURE
-DECODING APPARATUS Technical Field 5 The present invention
relates to a picture coding apparatus which codes a moving picture, a
stream which is generated by an image coding method using the picture
coding apparatus, and a picture decoding apparatus which decodes the
stream. 10 Background Art Recently, with the arrival of the age of
multimedia which integrally handles audio, video and pixel values,

existing information media, DESxaRAe NEYPaper, journal, Television,

' n ot eans through which information is 15
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more than 100Mbits per second (present television reception. quality).

Therefore, it js not realistic to handle the vast amount of information

Bac%ﬁc‘ﬂyfﬁ(&igftﬁﬁ form via the information media mentioned above. For
exaepleniq idrophane b ARSRAYOSRRPUBOAEISH USe B e

int Inte[@rate SerYices Digital Network (ISDN) with™a transmission r
INtegrtiiY oG 1 ¢ fbitsAiee i Rowevtieipis ifpEssiplix el tramarites pictateisting

inforeapitied byna 8} ,C?F&ﬁ*aeyéi'ﬁﬂtb%ﬁfof?er\%ﬁﬂEeﬁép,foﬁ*gﬂtli%%!, Television
radi&%rpw%{etseﬁlggﬁeocrwgiqgasd other means through which information is:
conveyed to people, has come under the scope of multimedia. In
general, multimedia refers to a f"epresentation in which not only
characters but also graphic symbols, audio and especially pictures
and the like are related to each other, However, in order to include
the aforementioned existing information media in the sc'ope of
multimedia, it appears as a prerequisite to represent such
information in digital form.

However, “when estimating the amount of information
c_ontained in each of the aforementioned information media in digital
form, the information amount per character requires 1 to 2 bytes
whereas audio requires more than 64 Kbits per second (telephone
quality), and a moving picture requires more than 100Mbits per
second (present television reception.quality). Therefore, it is not
realistic to handle the vast amount of information directly in digital
form via the information media mentioned above. For example, a
videophone has already been put into practical use via Integrated
Services Digital Network (ISDN) with a transmission rate of 64
Kbits/sec to 1.5 Mbits/sec, however, it is impossible to transmit a
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and for instance, in the case of a videophone, video compression
techniques compliant with H.261 and H.263 Standards 5 recommended
by International Telecommunication Union-Telecommunication
Standardization Sector (ITU-T) are employed. According to the
information compression techniques compliant with the MPEG-1
standard, picture information as well as audio information can be stored
in an ordinary music CD (Compact io Disc). Here, Moving Picture Experts
pictGreupdBRE@)isbgn anté/natonalrstandard for a compression of moving
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Sihction required by the age of multi media. At first, in the process of the
standlardizatidhmfithg MPEGw ehe EBixpwaksto starwaize Mibb)t rats  an
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ngincluding a or interlaced pictur rs.
andNMbedVBE Ghd ISGIIEG antbire tha{Tdaavejosthedevelspedigpalsxiown to

1.5 "HiPpoerion mage soding . pibed. antandiraia MREGded in Tv
signals approximately down to a hundredth. The quality targeted
by the MPEG-1 standard was medium quality so as to realize a
transmission rate primarily of about 1.5 Mbits/sec, therefore,
MPEG-2, standardized with the view to meeting the requirements of
even higher quality picture, realizes a TV broadcast quality for
transmitting moving picture signals at a transmission rate of 2 to 15
Mbits/sec.

In the present circumstances, a working group (ISO/IEC
ITC1/SC29/WG11) previously in charge of the standardization of the
MPEG-1 and the MPEG-2 has further standardized MPEG-4 which
achieves a compression rate superior to the one achieved by the
MPEG-1 and the MPEG-2, allows coding/decoding operations on a
per-object basis and realizes a new function required by the age of
multi media. At first, in the process of the standardization of the
MPEG-4, the aim was to standardize a low bit rate coding, however,
the aim is presently extended to a more versatile coding including a
high bit rate coding for interlaced pictures and others. Moreover,
the ISO/IEC and the ITU-T have jointly developed, as a
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Advanced Video Coding (AVC) with a higher compression rate, and
currently Society of Motion Picture and Television Engineers (SMPTE)

attempts to standardize a VC-1 (Proposed SMPTE Standard 5 for
Television: VC-1 Compressed Video Bitstream Format and Decoding
Process, Final Committee Draft 1 Revision 6, 2005.7.13). A target of the

VC-1 is to extend a coding tool and the like, based on the methods of the
rds. The VC-1 is expected to be used for
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predicted picture on a
block-by-block basis with reference to prior and subsequent pictures
and then codes a differential value between the obtained predicted’
picture and a current picture to be coded. Here, “picture” is a term
to represent a single screen and it represents a frame when used for
a progressive picture whereas it represents a frame or fields when
used for an interlaced picture. The interlaced picture here is a
picture in which a single frame consists of two fields respectively
having different time. For coding and decoding an interlaced
picture, three ways are possible: processing a single frame either as
a frame, as two fields or as a frame / field structure depending on a
block in the frame.

A picture to which an intra-picture prediction coding is
performed without reference pictures is referred to as an “I-picture”.
A picture to which the inter-picture prediction coding is performed
with reference to a single picture is referred to as a “P-picture”. A
picture to which the inter-picture prediction coding is performed by
referring simultaneously to two pictures is referred to as a
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"B-picture”. The B-picture can refer to two pictures, arbitrarily selected

from the pictures whose display time is either forward or backward to that

of a current picture to be coded, as an arbitrary combination. However,

the reference pictures need to be already 5 coded or decoded as a

condition to code or decode these I-picture, P-picture, and B-picture.

FIGS. 1A and 113 are diagrams showing a structure of the conventional
v MPEG-2 stream. As shown in FIG. 1B, the stream according to the

g el S A asedp Sf il

sel ¥ rQuRohRigtyres %%)I - siblg. to edit a moving picture

and to perform random access on’ i y§d§f§ga%e€%% L% §19&§E dREward or
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each being I-picture, 15 P-picture and B-pic

COdtre fapeER@IR Snalude Binchromausdsigoal Gyae)iadigatiog 2-picture,

P-pikeungdary, hefween: respgctive units and a header that is data commonly
included in the” réspective units. FIGS. 2A and 2B are examples of a

prefiten sirdctanechf 1B picairesagrardingsh $eiMEES-2i510RES of the
ict in-FIG. re reference pictures which are referred to
o o D72, AL n AT DR Wt WPE, andBe Stream
accogiiv@re qpithee MO, FG; PIsPAddarBlHxen e lprpdicied EOREPS.  The
icture, el I-picture_or P-picture, whase display time immediately 25
Streg@cé%eﬁé%o%eg -Sic?dpgfaéﬁ-hct%ﬁ?%mﬂpzq FigbuRes HE; &) B8 It is
s gyt oot 2 BE SbCBE PR EIRES %5 on
it bypﬁtﬂ@w o‘ge |S§I%§//St?n %ﬁ!&éﬂ?&teﬁ%ﬁ&%wfmcﬂﬁ@?@éﬂmﬁ This
mea%i_&h@ﬁrﬁbé@ﬂftén@ogipimg@ o Fifpéctghr@PT_he ﬁ%%ft@ala%ﬁé té‘l@cess oint.
uj r in the stream, either immediately after I-picture or
T O e & RN LRI ¥t PorfoHiESandB At Mot inBicture,
P-pigiiefigegnd B-picture., The stream, GOP and picture respectively

include a synchronous signal (sync) indicating a boundary between

respective units and a header that is data commonly included in the

respective units.
FIGS. 2A and 2B are examples of a prediction structure of

pictures according to the MPEG-2 standard. Shaded pictures in FIG.

2A are reference pictures which are referred to predict other
pictures. As shown in FIG. 2A,in the MPEG-2 standard, P-picture
(picture PO, P6, P9, P12, or P15) can be predicted fronﬁ one picture,
either I-picture or P-picture, whose display time immediately
precedes that of the P-picture. B-picture (picture B1, B2, B4, B5,
Bz, B8, B10, B1l, B13, B14, B16, B17, B19, or B20) can be
predicted from one picture whose display time immediately
precedes the B-picture or one picture whose display time
immediately follows the B-picture, both of which can be either
I-picture or P-picture. The positions of the B-pictures are arranged
in the stream, either immediately after I-picture or P-picture.
Therefore, at the time of performing random access, all the pictures
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-4 after I-picture can be decoded and displayed, when decoding starts
from I-picture. Regarding a structure of the GOP, the pictures from 13 to
B14 can be considered as one GOP, as shown in FIG. 2B for example. 5
FIG. 3 is a diagram showing a structure of a stream according to the
VC-1. The stream according to the VC-1 also has the same structure as
described for the MPEG-2 standard. However, a random access point is
referred to as an "entry point" which is added with an entry point header

e oot Byl RO orts
fro ﬁ‘g _I\i/lang%SFZg éta;%%écfrélé?gaﬁe?,twecaﬂﬁ Licbiding hnEheopigsures from
I3 tefdifed toars &erandosi danoeds peintr(BASKPNete BALRS RAVFRS. 2B for

ser data regarding pictures in the RAU (user data at Entry-point

ex aﬁ‘&STeLf | | . .
level), and 15 the RAU is arranged immediately after the entry point
heallét: . Hers, aypés ofpivtaks adeqdingtiabeLYE-3 RELSI98Red b ding

icture are also defined. These

to e o T d e Meaitilsetieards same

I-picture, P-picture, and B-p
strudésaribed Sordiees M1 2 ftandare. IMIPRNC1,4p:20p86kion t%%ever 3

ypes of picture, there are two more defined types, which are

ran ?S’p%e?fégé 367 -B?cffﬁfé? EO%p?)%d-%f&tﬁhé%Oarﬁgtw@wmdﬁ added

withdees ewtmclpdérdny paekdatgnany reatd e R P-Pighyehaing e on try
ixel data of a prior._reference picture in decoding order. For

poing Y BT EERTRRP I (1 ndTBAAPASESidhetialdihibe suhieh is
L e
accedte tiatth¢micwye. 3o rrpresaiiad byhesybg! ipglydingbisan <o oo
reg aﬁae%%%jr}egg u@'ggu i r%Rrgslgﬂtﬁd (tl)JyS% |§ ydrgt%%l |ggl uEdrllrE?’yFi 5’ anL r|33 t-ﬁlg sjer?) , and
the RAU is arranged immediately after the entry point header.
Here, types of pictures according to the VC-1 are described.
In the VC-1, the I-picture, P-picture, and B-picture are also defined.
These I-picture, P-picture, and B-picture have the séme prediction
structure as described for the MPEG-2 standard. In the VC-1, in
addition to the above three types of picture, there are two more
defined types, which are Skipped-picture and Bl-picture. The
Skipped-picture is a picture which does not include any pixel data,
and treated as a P-picture having the same pixel data of a prior
reference picture in decoding order. For example, in examples of
(1) and (2), a picture S5 is regarded the same picture as a picture P3,
so that the same operation of decoding the stream is performed in
both (1) and (2).
(1) Display order: Picture 10, Picture B2, Picture P1, Picture
B4, Picture P3, Picture B6, Picture S5 (Note that the picture
represented by a symbol including 1 is an I-picture, the picture
represented by a symbol including P is a P-picture, the picture

represented by a symbol inciuding B is a B-picture, and the picture

-5
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represented by a symbol including B is a B-picture, and the picture -5
represented by a symbol including S is a Skipped-picture. For example,
the picture S6 is a Skipped-picture. The numerals attached to the
symbols of the pictures represent decoding order.) (2) Display order:
Picture 10, Picture B2, Picture P1, Picture 5 B4, Picture P3, Picture B6,
Picture P5 (P5 has the same pixel data as P3.) The Skipped-picture is
especially useful when pictures are still. For example, in a case where the
repEstrgsdrelsyill in the rmiiddld of thel AL, Skipped-pikimpe drepisedre.  For
re thg picture 1q.still, for ex ere. are picture
exa?é‘? Eiuereé P1, pic uEr((;?EI?Ee,e p(%%rei 3§p|a§:¥j§g\§[{gpl tigr&ggg pict:frléJ 6}.}?]{#“3'5
attagiledtdoetineesgmenidant bitbiataptc be iseslaw: (Fiegenhate Bidiicmrersier. )

2 PSR POACITHIE AR RYR VR SDBHE MOB: picture

spe cture has picture characteristics in whith
B4, @écbdirey BidePistifferdhd frEhe tisptal) DriRb (reasrdbing amkeBkpibwieda as
p3 )and an |- or P-picture is necessary. For example, Bl-picture precedes in
“‘display order a starting intra-coded picture in an RAU and follows in
decbdimgkdp pihd Stacing intis-coslipd piatlve ins@LRAVN @nd thet20es are
-1 pic is ferepce pi for ather pigtyres. ition,. the ...,
StI“BI-tgé(t?[Jrg%ﬁéqe%piﬁué o Ha%c?\é\,}?é |§s% irﬁv%ic%tgﬁgfﬂ%%ro ﬁgclgstgge in the
mid dHeasdodeel Rt ihSpigureds pitipredisteddrose dny bere ploeupi: Nexs are

still g ST, SeH B A AR SIS SR e Y Eupyprure P2,
pi ctp:rc&uFé%, cahct_ﬁei nﬁsﬁ@uiplﬁewkmsﬁﬁonnf@ piw@&ypesi_mnduded ihmreduce
o0 G ot o s b

exdnupith érarsirmg)ebrofile L pictuis @ppicimdicatédgcharacteristics of
the B-picture and I-picture. More specifically, the BI-picture has
the B-picture characteristics in which decoding order is different
from display order (re-ordering of the Bl-picture and an I- or
P-picture is necessary. For example, Bl-picture precedes in display
order a starting intra-coded picture in an RAU and follows in
decoding order the starting intra-coded picture in the RAU), and the
picture is not a reference picture for other pictures. In addition,
the BI-picture has the I-picture characteristics in which all
macroblocks are intra-coded and the picture is not predicted from
any other pictures.

Next, a method for distinguishing the I-picture, P-picture,
B-picture, Skipped-picture, and Bl-pictures is described. Basically,
the types of pictures can be distinguished based on the picture types
included in a picture layer in a stream. However, the picture types
indicated by the picture layer are defined as following, depending on
profiles.

For example, in a simple profile, picture types are indicated as
I-picture and P-picture. In a main profile, picture types are
indicated as I-picture, P-picture, and B- or BI- picture. In an

-6 -
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I-picture and P-picture. In a main profile, picture types are indicated as
I-picture, P-picture, and B- or BI- picture. In an -6 advanced profile,
picture types are indicated as I-picture, P-picture, B-picture, Bl-picture,
and Skipped-picture. Here, in both of the simple profile and the main
profile, it is impossible to distinguish the Skipped-picture by using the
picture 5 types in the picture layer, so that, in a case where an arbitrary
picture has a size of one or less byte, the picture is defined as the
adv8kippedgpiofike, Rudbhamadrepmsttea enaidpeafite cbaes gicpic type, P-picture,
B- in {??ées ata pictyre is a Bspi(lc;:turf%(?[%f]:g& licture, so that itis
Plpossibie tddfis mguﬁsﬁ %qplc ure-trom -picture, based on the 10
pictttertgpd nFi thiod tiloeksdrgrienpshofiieg arpicttie aoding gppades it is
.___for realizing the conventi i odj e A pictur dj .
g o e P P Y, B8 picture
ty péise likef ifer gni ajoutted picturesigiidials Vin, shereby traristormiag treerbitrary
.. picture_signal. Vin in bitstr st ) 0 be outputted igtur
Dt TR Ao T it R Bs, dETag 48 tne
S kippmpepiatioreunitF802 he suibtraetdnsd3e an aithqguidl eransfarpiattare type
. ,.unit 804, a quantization unit 805, an inverse guangization,unit 80 s
e YRS B o oS LR 0. oh BAE G0 & proiat It is
impoenibhe 8@9, i stviban %0, Bvaiiable terfgthroodihgpintBid, dndsed on the
.. prediction structure determination unit 812. The picture signal Vin is
pECtl B%tfé/&)ﬁto the subtractor 803 and the motion estimation unit 801. The
SubFHGtoA 833 it viake ¢l ta @ Badifferie niralibg twepitthe mmdtdthpichpearatus

ror SR B O oo B R
804Atmittiore < thei diffeagrpial irito 2 &€ Gupaey coeflcienimare ssgaitsoding,
va ritebglgef:éur?&ﬁ ngg%ﬁ%rlt %“BodtQ%@“ﬁQ%%aFSP léqjlt ?RBUWSCI picture signal
Vin, thereby transforming the picture signal Vin into a bitstream
(stream) Str to be outputted. The picture coding apparatus 800
includes a motion estimation unit 801, a motion compensation unit
802, a subtractor 803, an orthogonal transformation unit 804, a
quantization unit 805, an inverse quantization unit 806, an inverse
orthogonal transformation unit 807, an adder 808, a picture
memory 809, a switch 810, a variable length coding unit 811, and a
prediction structure determination unit 812.
The picture signal Vin is inputted into the subtractor 803 and
the motion estimation unit 801. The subtractor 803 calculates a
differential between the inputted picture signal Vin and a predicted
picture, and outputs the differentiai to the orthogonal
transformation unit 804. The orthogonal transformation unit 804
transforms the differential into a frequency coefficient, and outputs
the frequency coefficient into the quantization unit 805. The
quantization unit 805 quantizes the inputted frequency coefficient,
and outputs the resulting gquantization value Qc into the variable

length coding unit 811.
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30 quantization unit 805 quantizes the inputted frequency coefficient, and
outputs the resulting quantization value Qc into the variable length coding
unit 811. -7 The inverse quantization unit 806 inversely quantizes the
guantization value Qc in order to restore the original frequency
coefficient, and outputs the resulting frequency coefficient to the inverse
orthogonal transformation unit 807. The inverse 5 orthogonal
transformation unit 807 performs inverse-frequency transformation on the

frequibrcyi peeffisientiobetiraasformeaciito@0pixehdidfeenijal qangntizes the
uts.the pixgeil diffetential to the adder 808, The adder 808 adds

e
it @ prd QiR BEue. LRGP o t3tned R eauency
coeffigtiemtprapahsatiap ubi 802 anskioltengréresjudecodedqutiireehbeto the
. swi(tach 81%is on Wth ghe defcoded icture is inﬂ}ru t@ to be sﬁared, and
NV &ha%ecsh ‘&%‘?&5}% is st&EaRISTHE !&&ureurﬂé o% 9. On the%thdPVerse
orthepdnthe roatins festimatioprunia 80, 80Vhighe tfe piature sigrad ¥Yifis quency
inputted_ip. units of macgoblocks, searches. 15 the decoded pictures .
Cr D B e L PR h ey ardneg into a
pixedndiffagendvalg thedrnostpintikt himagietd d Miaerelplockiindicatedibyibe 808.
picture si Vin, and, determines otion,vector MV for indicati .
The (g7 Fe THa DR R Dok Lt i sB5CE) ckosp pigture
whidetdsninadpmtted ecion atldehedikeiontrieyesenswsicyitable ing@®, and
for redicted picture, from the decaded picture stored in the picture
9enTIGHER, o) ROHEEO GHUER o dLtEsrm AR Lk 602 Birtiess the
decddeet picatRAU starspictuteedindtise apisterd tabei codedds ed d dAbicture
- start pasition, then instructs, using a pigture type Pt, the motion
1S Sté’sﬁﬁ*r%ﬁB&%i*E’%oﬁ'&ﬁH Eﬁe%gﬁ%%@grgyg'saﬂon unit 802 to code
(int€rrpitheeaddinghida pictive amatdpeciabtimation unit 801, in which
the picture signal Vin is inputted in units of macroblocks, searches
the decoded pictures (reference pictures) which are stored in the
picture memory 809, detects an image having the most similar
image to a macroblock indicated by the picture signal Vin, and
determines a motion vector MV for indicating a location of the
image.

The motion compensation unit 802, by using the determined
motion vector and the like, retrieves the most suitable image for a
predicted picture, from the decoded picture stored in the picture
memory 809.

A prediction structure determination unit 812 determines,
based on a RAU start picture Uin, that a picture to be coded is at a
RAU start position, then instructs, using a picture type Pt, the
motion estimation unit 801 and the motion compensation unit 802 to
code  (inter-picture coding) the picture as a special
randomly-accessible picture, and further instructs the variable
length coding unit 811 to code the picture type Pt.

The variable length coding unit 811 performs variable iength
coding on the quantization value Qc, the picture type Pt, and the

-8-
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randomly-accessible picture, and further instructs the variable 30 length

coding unit 811 to code the picture type Pt. The variable length coding unit

811 performs variable length coding on the quantization value Qc, the

picture type Pt, and the -8 motion vector MV in order to generate a

stream Str. FIG. 5 is a block diagram showing a picture decoding

apparatus 900 for realizing the conventional image decoding method. The

reference numerals in FIG. 4 are assigned to identical 5 units in FIG. 5,
motdnaeh the tiase Mivitd mperdterint the sameananaes g ales@ited for the

pict oding apparatus for realizing the ceonventional_image, coding .
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tho %gﬂlﬁf@%n éawgtq?ég(@%g%cc?qﬂ%éj’Rae%g?{éned by the picture memory

W, o :
€ motion compensation un € Inverse quantization unit

8067 the raveia & lertreagg bial cteartsttimaation tuBif 80d eandithe Hudest888.m Str,
The ribed with reference to

and e e B T A Spiure
specédlianpthd ndanvertivoal Endipd heethiott ke uffgrenBori©Q2&tion vector
T Pt e e T ement
vecifeomihé bidffer mediony 302rapedisplapsapitiur8 62cabimg tsthide picture
ty pd eFRICY RIURPuln St VBLERS P, MEMPRES FUIIBRIA Bicture
specification information Ind, and the inverse quantization unit 806
obtains the quantization value Qc. The decoding is performed by
the picture memory 809, the motion compensation unit 802, and the
inverse guantization unit 806, the inverse orthogonal
transformation unit 807, and the adder 808. The operation of the
decoding has been described with reference to the biock diagram of
FIG. 4 showing the picture coding apparatus 800 for realizing the
conventional coding method. '

A buffer memory 902 is a memory for storing a decoded
picture Vout which is outputted from the adder 808, and a display
unit 903 obtains the decoded picture Vout from the buffer memory
902 and displays a picture according to the decoded picture Vout.
Note that the buffer memory 809 and the picture memory 902 can
share the same memory.

FIG. 6 is a flowchart showing decoding during speciai
play-back, such as high-speed play-back, performed by the
conventional picture decoding apparatus 900. Firstly, the
conventional picture decoding apparatus 900 detects, from the
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share the same memory. FIG. 6 is a flowchart showing decoding during
special 30 play-back, such as high-speed play-back, performed by the
conventional picture decoding apparatus 900. Firstly, the conventional
picture decoding apparatus 900 detects, from the -9 stream Str, a header
of a picture to be decoded at Step S1001. Then at Step 1002, the
conventional picture decoding apparatus 900 examines, based on a
picture type in the header included in the picture layer, whether or not the

stre 8@t HICHIA O8Ees @ Ped gecoded. b Strp AQSJthe ecanverdigna 1001,
icture decadin aratus 900 deterrhlnes Whether or not the @éfgcture is
ThergahaiePd MoicERadPA oS 08! BiatHR AECOMRthaRRbT!S 900
exarfigepedsd bhendhe Precesping E0Leews fmStereSh@%@mlte:tﬂm@ed in the

t d t dt be d th ds t
pictiigp RYtoos PRUNG! o eh SUOBB tnG LBTNE ORI A TR ERAGO e

decppdratus 00 getqnmlsem@mtheth@ n@bhhe @im@smmg pootpletes d%@@dmg
|cture ina RAU or

for a las ture to be pla ked, such as a |
oppatie DR DGR MO St B LI P deeaAg ed to
be d@@@d@d%@t’i@@é;ﬁf% @Epa?vﬂ@lﬁi méla%mm@th@elcﬁaﬁj FE@tLd@t:‘oclied

rocessed, the processing co etes owe abqye gonventiona
ther o bR el P IO M T et e e kAo Bt BoB tharacture
doedsrioRreRien ebablarge ot Qﬂmmeﬁﬁngﬂmwn@ p@ﬁtﬂ@éhg to Step

stream_Str which in Iudes Skﬂoéﬁdgctures and es Clié durin

S A%

S10Q5ecial BRI, BlooLem 9 CRUERR AN L endecoding

appaﬁmmmthéﬁérﬁmmétg ipdhiesting: £ - pieitiren ceppeciakisim gresisi pletes
play-back such as play-back performed from the middle of entire data
et bRalt BTN ORGP bEdky, SHER RS 18500 (rEpein 2

RAU asrdgsstibed ghoye that alarpe amoutilif piecessinax @b loastsdegyise. the
proc'ezzlsGs:Zu_I;S ?e%ae rgsmt%how%né; thefP(r)o[%Ieg%gEtléel 001 to S1005, and if the
last picture is processed, the processing completes.

However, in the above conventional picture coding apparatus
800 and picture decoding apparatus 900, there is a problem of a
large amount of processing load, during coding the stream Str which
includes Skipped-pictures, and especially during the special
play-back such as high-speed play-back. Furthermore, in decoding
of the stream Str including BI-pictures, especially in special
play-back such as play-back performed from the middle of entire
data (hereinafter, referring to as jumping play-back), there is the
same problem as described above that a large amount of processing
load is required.

FIG. 7 is a diagram showing the problem of the
above-described conventional! picture coding apparatus 800 and
picture decoding apparatus 900.

In (@) of FIG. 7, a structure of the conventional RAU including
the Skipped-pictures is shown. The RAU includes twenty-four
pictures in which the images are still in the fourth and following
pictures in decoding order, so that the fifth and later pictures are ali
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above-described conventional picture coding apparatus 800 and picture

decoding apparatus 900. In (a) of FIG. 7, a structure of the conventional

RAU including 30 the Skipped-pictures is shown. The RAU includes

twenty-four pictures in which the images are still in the fourth and

following pictures in decoding order, so that the fifth and later pictures are

all -10 Skipped-pictures. When such a RAU is play-backed at triple

speed, the conventional picture decoding apparatus 900 attempts to
Skipgeeddp ithieutsts 4th Wihe bOsiy Aisth, Rét, t01hl apd i22nd pitmites;iple speed,

S ially t : ed. , pictur. icall
the e R e T AR B E e mpte o
decddi@. th@his medbis, thathin ARALY indtbie, cdmdntidrsH stegatn SN cheictures,

ICtyr [ ra ann rming s : ,

Seqlgélecﬁr'gﬁ gfg(?o%)%éa@ec d%?,cﬁ%logcs's a}ﬁég(% S’f el '\gﬁf{l%g igé'[;tl%u e acyi‘:eir(ﬁany
decasisshahednlghttiatalpieictetype rsihé edo pittRe phgbu ifcRgs W in
(c) (gfg{_ﬂr% ty9e of the picture. Therefore, as shown in (b) of FIG. 7, the

uré decoding apparatus 900 needs to analyze the 7th, 10th, 13th,
16thhistherirzht Skipped-pidulds thebtam trergicmealtppeears Adr, the

pict ?5%%%%?&%‘%?53?9%9%@5@8@ Play ngg?ﬂﬁmgﬂl\ BA%r not

€ conven picture coding apparatus and picture
the gpodiates nage tdandiyzed@emdicurasniidizd do hetatkedftodizch picture

(PicFRSTHHICI EEMSEEA DA SR LA, e eacr
pictMuMBliﬁctwéest@ mmmﬁwﬁmﬁIWQUMMﬂg a“ﬁb@a@ﬁgre, as
s s B a8 M ccas o
analypEaridigs 725 8000 Whed Ahgpdb GOPLype RA i2 odefkdp peid-gictures
to oB?g?Wilﬂ.Wéhﬁcture types.

As described above, for the high-speed play-back of the
conven'tiona! RAU, the conventional picture coding apparatus and
picture decoding apparatus neéd to analyze even pictures which do
not need to be decoded, which eventually results in é large amount
of data for decoding.

Furthermore, when jumping play-back is performed from a
RAU including BI-pictures, the above conventional picture coding
apparatus 800 and picture decoding apparatus 900 require a large
processing amount in decoding.

This means that, in the conventional picture coding apparatus
800, when an open GOP type RAU is generated, it is a possibility that
a picture (hereinafter, referred to as a re-ordered picture) is
encoded as a B-picture or a Bl-picture. Note that the re-ordered
picture is positioned in a display order before a starting I-picture
that is positioned in a decoding order as the first picture in the RAU,
but the re-ordered picture is positioned in the decoding order after
the starting I-picture. Here, when the jumping play-back is
performed from the open GOP type RAU, if the above re-ordered
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a picture (hereinafter, referred to as a re-ordered picture) is encoded as a
B-picture or a Bl-picture. Note that the re-ordered picture is positioned in
a display order before a starting I-picture that is positioned in a decoding

DI R IR Blodt B1Gof S RE i 1 el VeI gy decode

notlh%i§ﬁ1@99tﬁ@>’§1%%ti§r@?rf9f6\ﬁé@@m therpper GPRYes RAMUFdNR a BI-

above re-ordered [1_ picture is a B-picture, there is a case that it is

pishpsssiblistpasstale fordrpriaRiasitania HoMe Rt i gl ie-ordered
p'Ct“rfrﬁe%% oPCUIR !:Sq%‘%?%%%ﬁaqecﬁ?gﬁﬁgd 35@%%?@%@%5 900

Therefore, the conventiorial picture decoding apparatu

anedgh se-asaeiedrpicidsinetiidsid in thei RAW dethe stieamRALIhgrethye stream
determining whether the re-ordered picture is a B- picture or a Bl-picture.

St thereBiadletasittining a BERIDE. dRA HedRsedcoRiciure is a B-
piﬁmgr?%sw@O%@?séﬁﬂ@eﬂOﬂeéhﬁe@q%&@e BictHipe Q8 heiBettyre | then
and, if th er

e re-ordered picture is a Bl-picture, then the picture decoding
thapprtune IDsatedougsthp acaineréd picoss Hotevecdtieativsere-ordered

. determipation of whether the re-qrdered_ picture is g B-picture or a .
PR el <Rl R ecLontts AMEn SR g bt Bs Pl Ricture.
théglayhef thedrigeesaingothatefaippehaniemeng piRycerrkds fiesfor@maskdered

from the open GOP type RAU, the conventional picture decoding

picibligratus 900 does not decode nor display the re-ordered picture,

regarqless, &f whefher @Séﬁgr%@mﬁﬂﬁ]&aﬁr%‘g@%&aﬁﬁ P dered
without any specific necessity. As a result, when the re-ordered picture Is
pi{gtlﬁlh_eptic%wra,l;E i%_m?irtﬂp&%ilﬁé-wi?ﬁeMVfblmse%a@ lsau?‘ipea prg_cessing
-picture, embodiments O e present inventio ovide a picture codin
A B Rl SRR RESoE R A AR S KT RSP TGRSO in

decodifgerefore, when jumping play-back is performed from the
open GOP type RAU, the conventional picture decoding apparatus
900 does not decode nor display the re-ordered picture, regardless
of whether the re-ordered picture is a B-picture or a Bi-picture,
without any specific necessity. As a'result, when the re-ordered
picture is a Bl-picture, it has been impossible {o effectively play-back
such a Bl-picture,
Embodiments of the present invention provide a picture
coding apparatus and a picture decoding apparatus which can

reduce load in decoding.

Discliosure of Invention
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Disclosure of Invention -12 In accordance with a first aspect, there is
provided a picture coding apparatus which generates a coded picture
signal by coding each picture in each access unit which includes one or
more pictures, said picture codiné%ggparatus comprising: a coding unit

operablt RFERICF RN IS R PRRRAbriResR iRidyahg&ad a picture

) i rioned. o _ . : _
e e e P eodiing
eawrterzstufiest pictugacimdacisiels & abtettowwt i dbcdeed int=pendantipr more

. without referring to any other picture, when,the access unit is an open,. .
PG SRceRa ChiPWfiAGs SO UShe RALA ByFraraliy 15 Mbner HoAiQg unit
opHYE BRIRPrawdenagpneraten s e Rasaldle PeafaipsenrBlRMgBEPEndent

_information which indicates for the access unit of the coded picture signal
piGihet e i ot helRdebiendht pretthe igpestsnathii 1k Higplap drgepicture

] iately hef h rti icture; Wit it 0 b "
S T S emen ) oAl ) Bicdl a8 Bositioned
in ganetatarding irdodles aaeess Unitof fietnoded pintdreveigial.idhelely to be
since a RAg as the access unijt stores tfhe supplementary information

@rfhd Bl

d AP RABC FRIII R Do NG L Ria A RN delBRRIR Byre. when
thEefaringde thmRA nap wheihetypranos elsictyra shsdRdepedest 1o be

picture is positioned in the display order immediately before a starting .
codsicturdyis thefasrting piurainabealecaiieddler imiie RAU, divingmation

' I lay-back, for example. As a result, if the Bl,picture.is not. .
oo e O e S et PR B e dafy mation
wisiparatius canespefelily hidragt doss pigiwresdiciuded dtothecRAlGtthe: signal

starting I-picture and pictures positioned after the starting (- picture, as

Whigdieds & HedeHdBet ERRRBHRNE, ifE B JRupesitipoisbradthe display
or FEPEHARNNSIUR/NE SING R HFBCHIEture; and a writing unit
operable to write the supplementary information generated by said
information generation unit into the access unit of the coded picture
signatl.

Thereby since a RAU as the access unit stores the
supplementary information (RAU map), the picture decoding
apparatus can easily determine by referring to the RAU map whether
or not a Bl-picture as the independent picture is positioned in the
display order immediately before a starting I-picture as the starting
picture in the decoding order in the RAU, during jumping play-back,
for example. As a result, if the Bl picture is not positioned
immediately before the starting picture, the picture decoding
apparatus can speedily exiract, from pictures included in the RAU,
the starting I-picture and pictures positioned after the starting |-
picture, as pictures to be decoded. Furthermore, if the Bl picture is
positioned immediately before the starting picture, the picture

decoding apparatus can speedily extract, from pictures included in

~,
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decoding apparatus can speedily extract, from pictures included in the

RAU, also the Bl-picture as the picture to be decoded Therefore, the

picture decoding apparatus does not need to conventionally analyze each

picture layer of the pictures included in the RAU nor determine whether a

picture of the layer is a B-picture or a Bl-picture, so that it is possible to
thEerusesloarkef the d3eqding: e SpiBIp RUThHeMMOI SRR d

Bl-picture is positioned in display order immediately before the starting

l-pictufig) &€ fosa, Bilpictpieliyrabld &s bd iarGilg dpevd@du andaisplaydd nheed to

so that.it is_possible, to use the Bl-picture effectively., Further, said . .
o e R e A SRS (RYS Bl ahe BTy fhs inginded in
thwhich linaluste sl a ftagringisaling thether pharunet the fhdepepdenspigtBepicture

is pasitioned in the display order immediately before the starting picture,

Of R dBhePHeMBRr SNk 8bribdsuRSHRIBetRerR BieapeOBekifinteimagoding
[ Qrdeg | ' b ing i " . Sl €

P e aten et e iy o (retsplay
ordamberuhibdiedesgcutivefpieturés athespittirglecdeimgtagaratds €an

easily determine by referring to the flag and the number included in the

RAU whether or not there are one or more consecutive independent

pictures positioned in the display order immediately before the starting 15

picture in the RAU of the stream. As a result, when the determination is

made that there are the one or more consecutive independent pictures,

the picture decoding apparatus can speedily extract from the pictures

included in the access unit the one or more consecutive Bl-pictures and

pictures positioned in the display order 20 after the Bl-pictures, as the

pictures to be decoded. On the other hand, when the determination is

made that the one or more consecutive independent pictures do not exist,

the picture decoding apparatus can speedily extract from the pictures

included in the
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access unit the starting I-picture and pictures positioned in the 25 display
order after the starting I-picture, as the pictures to be decoded. Still
further, said information generation unit may generate the supplementary
information which indicates in a decoding order or in the display order a
picture type of the each picture included in 3o the access unit of the
coded picture signal. Thereby, since the RAU map as the supplementary
information includes a picture type of each picture, the picture -14
BI- pfleaeEing-ARAAEIYS G438 easiy deferainrby selering 1o aRicteis dvRe: it is
indicated by the RAU map whether or not there are one or more
possibiedQuivadntidpeRdeRi pittifeS H6Sbreln the display order
immgeigtely beioee thgstaring dictyere i iBAUGIthesi9ate AdSate the
result, when the determination is. made that there are the one or more
SUPRIGRBEARREYIHAEPEMBH QLRI inBsikiste Bict St | BFdardtidcyph ether
or nSReeHY. id@EskiFIR e pictklies ingluged in 819c 8CGASTHBIL NS PRA O rder
more consecutive Bl-pictures and pictures positioned in the display order

immegdatied BIRERORS, Hiahstacking i B YEQIeBREd. tOR tHdiHaR hakd, the
consWhenithe defeEninalinas rade. aal the SNE@R BV FONSECHI®Iay order

independent pictures do not exist, the picture decoding apparatus can

Emmgﬁgéﬁﬁi}\é)@l%@ Tl%ﬂlﬁesﬁétﬂﬂég iﬁéﬁf&ﬁ@m the access unit the starting
I-pigkaeand Piciies Posiiene@indhe displpy qrder gfer the fiaihentary

I-picture, 15 as the pictures to be decoded. Still further, said writing unit

informietiane WHelsippreriBataila thfemshtidreat i ipdfon Béféheaopis@raitive
pictypelideg,in @&%?%Sﬁlj@e&m@es ded-pigiresignal s LhReRE SIRFRIRE by

RAU map as the supplementary 20 information is written at a position

refensefgetaninsiclliagin fid Hrunwe briurdechhdmppa s tanheaingr or

not g'ﬂ% PReCSHY defRe ther R, FRAPRYRRIRIHTG datifdp RAEHIO G ures

eginning of the RAU, so ) )
positioned in the display order immediately before the starting

picture in the RAU of the stream. As a result, when the
determination is made that there are the one or more consecutive
independent pictures, the picture decoding apparatus can speedily
extract from the pictures included in the access unit the one or more
consecutive BI-pictures and pictures positioned in the display order
after the Bl-pictures, as the pictures to be decoded. On the other
hand, when the determination is made that the one or more

" consecutive independent pictures do not exist, the picture decoding

apparatus can speedily extract from the pictures included in the
access unit the starting-l-—picture and pictures positioned in the
display order after the starting I-picture, as the pictures to be
decoded.

Still further, said information generation unit may generate
the supplementary information which indicates in a decoding order
or in the display order a picture type of the each picture included in
the access unit of the coded picture signal. |

Thereby, since the RAU map as the supplementary
information includes a picture type of each picture, the picture
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that it is possible to reduce load of the decoding processing. 15 In
accordance with a second aspect, there is provided a picture decoding
apparatus which decodes a coded picture signal in which each access
unit includes one or more pictures, the access unit of the coded picture
signal storing supplementary information which indicates whether or not
an independent picture is positioned in a display order immediately before

' a starting picture in the access unit, and the independent picture being

R R S A L e RS B B Pcture

Wmmm@‘ﬁ@dmmbﬁ&&dn@ &pawynemaerpmun@tsamb&me @eeo@rngwore
Béﬁ&‘dﬁr‘é" @E@naé\fﬂe FJ?&%UP&?@&H%%%{&H‘? t‘i‘?éjed‘r‘é'&‘m Lorder

whether or no e access unit is an open type access unit which is a

trmbedje@@émob@f@éerm@ Btanbiner a&féeég%mn HeiRdrkhbrihe stream
ASPialBaN, uw&eaefﬁ@%tet@%m@eowwleﬁméamwﬁmﬁ@t@w@rﬁhe one

the access unlt when salgg 8 determination unit deﬁermme at the

05 BAERRABHREHEY 2 it Bl B oL PO BB e coding

ap}ﬂé&@tﬁﬁ@%@@ aeess i piettreftobe deeodsithyrefeirrgudste in the
emen(g information obtained b(%{ sai Jnfor tlon obtalnme é unit;
d%be

aﬁﬁ T el uﬂﬁ%ngage o d88 e pIC ure %Sofsaldplcftures
pesitaotatuinit t ikedéby| avhearder RAIE B mlee%};ﬁesstunass #e dperpicturas

tq COP d@ﬁgdﬁﬁu t?ﬁwp%ﬂéﬁﬁ%ﬁj@%p%%%% E‘%f@%épﬁﬁ%%u%ﬁﬁs&‘ﬁwade

he supplementary information and refefs to t AU map, so that

t ipadtifecde DEd g RIGTE 8086 886 EEHYE Mkepand ARt Pistorast ctﬁen ot exist,
tRL-Picirg as the indepRNdspiichEds pasilionsdda e dsplaycordehm the

immediately before the Starting I-picture that is positioned in the decoding

PiFtares tHAGHA BitudRe. Wiea REERSINER theBE pREBFERPosIRIGENTE and
p;&mee@tsb/sbﬁ&ﬁeﬁﬂ@ﬁ@fenﬁﬂsmw% Aher pigtee teeosiagiapparatisture,

e A v T e

Stili further, said writing unit may write the supplementary
information at a position before any picture inciuded in the access
unit of the coded picture signal.

Thereby, since the RAU map as the supplementary
information is written at a position before any picture in the RAU, the
picture decoding apparatus can easily and speedily detect the RAU
map by obtaining data of the RAU from the beginning of the RAU, so
that it is possible to reduce load of the decoding processing.

Z15.



_16_ picture to be decoded. On the other hand, when the Bl-picture is not
positioned immediately before the starting I-picture, the picture decoding
apparatus can speedily determine that the Bl-picture is not a picture to be
decoded. As a result, it is possible to reduce load of the decoding
processing. In accordance with a third aspect, there is provided a coded

pic.t“rqﬁigﬁél:iﬂr‘ﬁgiﬁﬁga%‘iﬁ‘?c%tsséé’&tdﬂ u Btorm%r:eepi%“}??ovided a

said coded picture signal comprising supplementary information which

pididicateke odedihgr appatrat irdeperclerd pobude $s pasiidaddpittbee signal in
access unjt of the coded picture signal, in a display order.immediat

W SR Sl B RV P enel o 8 HEBBS ORI ES 2 g acoess

uridiclgres the ngarendsiat pielusediel1d Prsilivged iibd kasrding 8FdRiformation
before the starting picture and being able to be decoded independently

whiRRoii FeRA1IRG to AR tBTeP kel niActo RIS it iclelien igspagjtioned

. there s prqyide icty [ th neratj .coded.picture .

0 Gl P Bing e T RAIR g e N LfE; in the

acgvessspicinies, said pitterei rapding miindd pomdprisingcdegeratingityned in a
_coding a picture to be coded, an independent picture which is positioned,

dIFPiRY a SR umEiaiRe R dSEREHASIFHAH S dibgbylsrdBPstnegd in a
detRlingpigiHR thatds gositaned;in g-decadipg BT ASANES RICHES. decoded

and which is able to be decoded independently without referring to any
indeee pidtind| wwhit titidccess tnngs Hh een t9peaiccesstunt wisiehds picture

able,to be coded hy referring to another access, unit: generatin .
4 BB T e G T U 18 e Ll operable
to codedpitinie wineahahegien of eidhg degapendent D eisdesiiiprediccess
in the display order immediately before the starting picture; and writing

UNieWplbiReARLS HoRRaBGFgERFak P taldiv@riarang Biareaccess unit;
o R A oo BB otin  tne
swigrletingn{dba information from the access unit, when said fype
determination unit determines that the access unif is the open type
access unit; an exiraction unit operable o extract from the access
unit a picture to be decoded by referring to the supplementary
information obtained by said information obtainment unit; and a
decoding unit operable to decode the picture exiracted by said
extraction unit.

Thereby, when the RAU as the access unit is the open GOP
type RAU, the piciure decoding apparatus obtains the RAU map as
the supplementary information and refers to the RAU map, sc that
the picture decoding apparaius can easily determine whether or not
the Bi-picture as the independent picture is positioned in the display
order immediately before the sfarting I-picture that is positioned in
the decoding order as the first picture. As a result, when the BI-
picture is positioned immediately before the starting I-picture, the

picture decoding apparatus can speedily extract the Bl-picture as a
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method of decoding a coded picture signal in which each access unit
includes one or more pictures, the access unit of the coded picture signal
storing supplementary information which indicates whether or not an
independent picture is positioned in a display order immediately before a
starting picture in the access unit, and the independent picture being

pidRALOREE &by grisHbRIi IRt B INA S BOSHIERERNs not
a decoding order as a first picture, and being able to be decode
p oiatiepeedentiy middateie rringforanytbergistlirgsaidyicture detdingicture

method comprising: determinin hether pr not the acc unit is an,open.
O S G oAb BRI AT Rt e ABH By Ve A DmgRE T s not
a 91‘@&5&Lﬂﬂit;t@tﬁi@mb@SW@'W@N,iﬂbfmﬁ@ggf@[@tf@ PEER%Ee [oad of

unit, when said determination is made that the access unit is the open
they g sQESOURRO @ F8IBg from the access unit a picture to be decoded

by referri I ntarynfarmati btai i i ining.
and dzgo%%){?[ eagtl%%or%ﬁr;%té Iltna sr%% exfcﬁ?dctlng. nqa%?ﬁ(?a@r}lgg @vgﬁ coded
picisigtisigsradn thviels gacidecte psognahinchicie g emer ate sreocedeidtures, said

icture signal hy coding each picture in.each access unit that includes . .
cofied RIS iRk COmP iR IERISmE BhA MiemAtgRNRCH indicates
wHESREBERG AP HEG SdHEbFR dRe Rodedcanihdeaeslent BISEESs unit of the

which is positioned, in the access unit of the coded picture signal, in a

cogdepl@yaitier Yefmb Astading Biviorsd eidnspediabelydiafargesosiaging picture

thz\%ﬂ% lﬁgrgtf%téﬂcmrea o) C‘S’Hlﬁ%ui%?géfr;% eadﬁggfjegdcipﬁr%?g{rbﬁ%%ependent

erring to any other picture, w & access i
pidire aeiagspodiidneisableitcbelicndeddyr roteising focaaingngasiesare and
supplementary information which indicates for the access

unit; generatin |
beifg @%&?e £8dkg prResRIsEN drRENG ot Wit Pk Jefaeingiderany other

pid%%gioned in the display order immediately before the starting picture;
and writing the supplementary information generated in said generating of
the supplaoneeniodomitition ifnotie aseess uihefahiscodedigeture picture

oo R e S R LY S e
in IRldPeaccess unit which includes one or more pictures, said picture
coding method comprising: generating, by coding a piciure to be coded, an
independent picture which is positioned, In the access unit of the coded
picture signal, in a display order before a starting picture that is positioned
in a decoding order as a first picture, and which is able to be decoded
independently without referring to any other picture, when the access unit is
an open type access unit which is able to be coded by referring to another
access unif; generafing supplementary information which indicates for the
access unit of the coded picture signal whether or not the independent
picture is positioned in the display order immediately before the starting
picture, and writing the supplemeniary information generated in said
generating of the supplementary information into the access unit of the
coded picture signal.

In accordance with a fifth aspect, there is provided picture decoding
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one or more pictures, the access unit of the coded picture signal storing

supplementary information which indicates whether or not an independent

picture is positioned in a display order immediately before a starting

picture in the access unit, and the independent picture being positioned in

a display order before the starting picture that is positioned in a decoding
mEINSH aSFaadESicd e b Beetable dybadecpdeginderendantiyccess  unit

without referring to~ any other picture, said program causing a computer to
incindagectet@mingig winkiesothet ansassebniinfisha opdadypicture sighal

B e AR PR L AR ot o
ingepbaelennipritondsianpdeitivnidieinceeshgpifiys hdapanmyediacsBsbefore a

unit; extracting from the access unit a picture to be decoded by referring

stabiifg sBisskineardiSnBrsa%on Whtaindadn i BiisRRRGERY picture being
poSREGALY 1S %g?g&&%?ﬂé%@%%@ﬂiﬂ% ﬂﬁﬁ%ﬁ%ﬁ% I‘ffB‘&iﬁBned ina

eighth aspect, th provided an integrated c enerates a
decotbd@icandesigrea bg cdisly eactupictuenid dasimgccabieuniowhieh decoded

IR RRe e SO ARG oD aE NEIE. SR, fetoding
m@ﬂﬁwedwﬂi%ni§iﬁ%sia@$@ﬁnmsﬁ§ ReEESNErOh HietRRISECRIUIMRIMaN open

in a display order before a starting picture that is positioned in a decoding
typroeeeess sipiwhies) malieitn RaBRaedrdbyoRiariingpemiatingr access

ithﬂ%rfri 0 r_pigture; Cc it i en...

ur1\t{3¥/’pe acc@s@ L%%vh%é%l%ﬁ?g% (‘:‘i@e%égle?eaefﬁ?g ;’gﬁ én%ﬁé%ggcgeﬂgg when

saithitieteinioratasionsgenriatibatitiicopecalsle tniteiseliateopapplgpreaetgss unit;
information which indicates for the access unit of the coded picture signal

eXJREHNS SFOD: the RAEERJEN FcRIRHES SRR A RPIRT dpIRjTIRE to the
subRsAlatRbrbelfre iha fiarisp eiriuis: AndaiuT B PSP Roding the

write the supplementary information generated by said information
pigjanerantiacistintoshis aodesstimgt of the coded picture signal. - 16¢ In

e RO A RS i Lo HERLGEh Brograrm which

generates a coded picture signal by coding each picture in each access unit

that includes one or more pictures, said program causing a computer 1o
execute: generaling, by coding a picture to be coded, an independent
picture which is positioned, in the access unit of the coded picture signal, in
a display order before a starting picture that is positioned in a decoding
order as a first picture, and which is able to be decoded independently
without referring 1o any other picture, when the access unit is an open type
access unit which is able to be coded by referring to another access uni;
generating supplementary information which indicates for the access unit of
the coded picture signal whether or not the independent picture is positioned
in the display order immediately before the starting picture; and writing the
supplementary information generated in said generating of the
supplementary information into the access unit of the coded picture signal.

In accordance with a seventh aspect, there is provided a program

- 16b -



includes one or more pictures, the access unit of the coded picture signal
storing supplementary information which indicates whether or not an
independent picture is positioned in a display order immediately before a
s_tartirég picture in the access unit, and the independent picture being

WiNGSHdREa%HTE AspRARSI RIFBER r8ignRas NG [GBu B tHaBROSSSIIRRdNFIUdes
or?edsssq?faaeoe%zm%gfifﬁép%@%hew&@eﬁgf_ﬁ?mﬁa signal storing

independently without referring to any other picture, integrate
supigeirs ecdanyrisifigrraajos detdohinaticeied epeedblr tordatetraindndependent

.whether or ngt_the access.unit is an open type access unjt which is able .
PIGHLE G GBI By DI g o E0o 1oL LRSS S RIGRH R 31NG picture
in AhEamRIdINkipParRD B oIrRpBIEe SUBRIAME TR iRRIeBeRAGNa display

the access unit, when said _tygée@determination unit determines that the
orgescksiong ithe Strding piché4balis; pasitigastbinuaicssading erder as a
: f it ict ' -
T B TR TR A TRerring to
arpndtasie pocineuimppraigetn densiaghe qpehpaiextiacteebytsaidetermining

xtraction unit.Hl_,6d Brief Description of Drawings These and other objects,

RS ER D00 TR AERESSIUAL AN RRETI PR e D ARk WBIRHE dble to
pelollguingascrigyion; dherabiaken ineeRisIciofplidhe ageoMBBIR,  the

drawings that 5 illustrate specific embodiments of the present invention. In"
supelepraniedy: IRfesnaiainfransthe apepamssiowihgra saidcdeteomination is

o M ECOSETS Bl C e (UL R ong WAL > URiag Trom the

adcéss3 isnit diagnitusBotinga slamdecofidhe edfavantions! tMe-LaprRMientary
FIG. 4 is a block diagram showing a structure of the  conventional picture

Inmiaprabiaisets isnig R o dRBFAHEININythe Pirture exiacted in
said extracting.

In accordance with an eighth aspect, there is provided an integrated
circuit which generates a coded picture signal by coding each picture in
each access unit which includes one or more pictures, said integrated circuit
comprising: a coding unit operable to code a picture to be coded to generate
an independent picture which is positioned, in the access unit of the coded
picture signal, in a display order before a starting picture that is positioned in
a decoding order as a first picture, and which is able to be decoded
independently without referring to any other picture, when the access unit is
an open type access unit which is able to be coded by referring to another
access unit; an information generation unit operable o generate
supplementary information which indicates for the access unit of the coded
picture signal whether or not the independent picture is positioned in the
display order immediately before the starfing picture; and a writing unit
operable to write the supplementary information generated by said

information generation unit into the access unit of the coded picture signal.
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conventional picture decoding apparatus; FIG. 6 is a flowchart showing
operations which are performed by the conventional picture coding
apparatus; FIG. 7 is a diagram showing a problem in a stream which is 20
generated by the conventional picture coding apparatus, during
high-speed play-back; FIG. 8 is a diagram showing an example of a

structue gt 8oRAHANES RFNICSSBY CricHEeRm SeSAELRS 1 tegrated

first embodiment of the present invention; 25 FIG. 9A is a diagram
cirshidninigiah elanosiesfa sptad opRA sigaMinFighieB isadiagraass unit
. showing another example, of the syntax of the RAU ML FIG. 9Cisa .
PSRRI G AL Ex D RCSRE L b AR sianal
stdiing | G lsrashagrgmishommagishll futihsh exampiay thehaynéax ef theot an
~ RAU map MI;,_17_ FIG. 10 is a block diagram showing a structure of the
IngRRERCLRESIRTY Sp fuReRtianefdingaotifeiry QRestimunestiately before a

Nt tiqp; 1L lowchar j ' ich: :

St%ﬁ?én%é@ﬁ%hiﬁpi@%re e&'(%gl mgM\{eﬁgba%aﬁt%ZV{;Hé’go?ﬁggjt@?é%sp |8{8re5 being
poaiiboichéntaotifise lere sndainveftoe; tHkS siarimg fidoichartishbwengositionad in

operations of analyzing a RAU, map which are, performed by the picture
a o‘g%%%ﬁa%pf}ﬁqﬁgsaﬁcc%rﬁ%tt(ﬂ tHiFst @RFodAREIR o?m% pfaserf decoded
indRysuTigant0 Tithddtvisrarfingrasnstpwinga RAdahishils plavdgraskacdircuits

at a high speed by the picture decoding apparatus according to the first
cogmbisinges broeedrterninalionioniFaperab!s wagemswhgther or not

th& BECREP Wi?%%fﬂ"&%é%':tk%e Liess unit which is able 1o be decoded by
referring to another access unit; an information obtainment unit operable to
obtain the supplementary information from the access unit, when said type
determination unit determines that the access unit is the open type access
unit; an extraction unit operable o extract from the access unit a picture {o
be decoded by referring fo the supplementary information obtained by said
information obtainment unit; and a decoding unit operable to decode the

picture extracted by said extraction unit.
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15 FIG. 13C is a flowchart showing operations of play-backing at a high
speed a stream STR having the RAU in FIG. 13A, which is performed by
the picture decoding apparatus according to the first embodiment of the
present invention; FIG. 14 is an explanatory diagram showing a play-back
20 method which is performed by a picture decoding apparatus according
to the first variation of the first embodiment; FIG. 15 is a flowchart showing
the play-back method which is performed by the picture decoding

B rie Pppagtu$mERoidind e virh gsriation of the first embodiment; 25 FIG.

16A is a diagram showing a RAU including a complete still _picture
oL EREs BRG] R BB Hor ey mbBanLes FRE, the
invent®Bris aviliagtaet showing g nclidmgra gradutdljioefieshedigtiicription
icture sequence according to the secpnd _30 variation of the first .
ther g aiREn i@ IR R AlaBILER Sl S RARARY A haiges that
ilfust esadudllyareffasheendsitl plictze sequéntieacporlimgto thevestoind: -18In the
variation of the first embodiment; FIG. 17 is a block diagram showing a
DrawififiGure of a picture coding apparatus according to the second
erppgdimentothe presenténveniiora MEIGHSBVS adlowcbarusitawimgof the
operations which are performed by the picture coding apparatus
MPEG, & &HiRG 1B the second embodiment of the present invention: FIGS. 19A

ard &3B arepdiagraansBBowing adiedicians staletud ota Bskimpintereof a
10 FIG. 20A is an explanatory diagram showing jumping -back usin
prem@naa@%%&&aﬂq&?&msﬁ@ reichd mt&%s%ﬁ#%%t% ,ngaf“d-
FIE20B isan expiagadery diggianm ghawite aopther jumping conventional
VC-1 stream;
FIG. 4 is a block diagram showing a structure of the

conventional picture coding apparatus;
FIG. 5 is a block diagram showing a structure of the

conventional picture decoding apparatus;
FIG. 6 is a flowchart showing operations which are performed

by the conventional picture coding apparatus;
FIG. 7 is a diagram showing a problem in a stream which is

generated by the conventional picture coding apparatus, during
high-speed play-back;

FIG. 8 is a diagram showing an example of a structure of a
RAU which is included in a VC-1 stream according to the first
embodiment of the present invention;

FIG. 9A is a diagram showing an examplie of a syntax of a RAU
map MI;

FIG. 9B is a diagram showing another example of the syntax

of the RAU map MI;
FIG. 9C is a diagram showing still another example of the

syntax of the RAU map MI;
FIG. 9D is a diagram showing still further example of the

syntax of the RAU map MI;
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play-back using Bl-picture according to the third embodiment of the 15

present invention; FIG. 20C is an explanatory diagram showing still

another jumping play-back using Bl-picture according to the third

embodiment of the present invention; FIG. 21 is a diagram showing

another example of a syntax of 20 the RAU map according to the third

embodiment of the present invention; FIG. 22 is a block diagram showing

a picture decoding apparatus according to the third embodiment of the

present invesation; i k1Qi2g s mflowehan shavwingoparations whichaceure

performed by the picture decoding ratus 30Q according to the third
decodoaRRA A HeARb S AN A1 S8 B PELRualof) dgrRkEsent
m\,e,ﬁhgwipg the operations performed by the picture decoding apparatus

according to a 30 variation of the third embodiment of the present , .

inéftion:1IFIG. 155 i€ a lgt'@&(a]‘a@rgm SWiHyH p%ﬁé%%é?ﬂa ap}ﬁgf&tns are

perfoRfRREIN e e fueh enbediaein f dpmpresentinventedi nlp FGHRS first
is a flowchart showing operations which are performed by the picture

embadiumg HhHriie KIPGRS HHEMSRMM embodiment of the present
inyepfion; and BlG3vedRa v BN RVE epreeurianatonf diagiamang a RAU

showing a 5 storage medium which stores a program for realizing an

map imdyEtoding meeide Hmesh iRkgd B8coRifg MEhSFLQSHERg fRRETatus
accordFSEMdNvRRtiPN-BeskMadaiter&ramyingiutihedavaniinn dAtToe ;

following describes embodiments ac.cordingﬁto the present invention with

refdienck 36 the ArdhA MisR EWHAIR R W RAICRAS iR Qyrdiriisd at
a higRegyuup ) aRédilbra Medlecoding apparatus according to the first
embodiment of the present invention,;
FIG. 13B is a diagram showing a RAU map MI according to FIG.
13A;
FIG. 13C is a flowchart showing operations of play-backing at
a high speed a stream STR having the RAU in FIG. 13A, which is

performed by the picture decoding apparatus according to the first

embodiment of the present invention;

FIG. 14 is an explanatory diagram showing a play-back
method which is performed by a picture decoding apparatus
according to the first variation of the first embodiment;

FIG. 15 is a flowchart showing the play-back method which is
performed by the picture decoding apparatus according to the first
variation of the first embodiment; '

FIG. 16Ais a diagram showing a RAU including a complete still
picture sequence according to the second variation of the first
embodiment;

FIG. 16B is a diagram showing a RAU including a
gradually-refreshed still picture sequence according to the second
variation of the first embodiment;

FIG. 16C is a diagram showing a RAU including another
gradually-refreshed still picture sequence according to the second
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stream according to the first embodiment of the present invention, 15 and
a picture decoding apparatus according to the first embodiment specifies
a still picture sequence in the RAU by analyzing the RAU map. FIG. 8 is a
diagram showing an example of a structure of the RAU which is included
in the VC-1 stream according to the first 20 embodiment. The RAU
structure includes an entry point header (Entry Point HDR) and user data
which are positioned at the beginning of the RAU, and a plurality of

varidtidwresswinehfglavetheréserfatat Note that, in the VC -1 standard, the
RAU is referred to as an entry point se%men,t 25 (EPS). More specifically,

thé KAU hécbrdmPiOHe FHE SRUBRIENY iR bR shwhibrialcture
codiftfAipsatthe RAL shidag a RAU eapsMbwhigh sangied értheof the

uSer data (user data at Entry-point level) and indicates if Skipped-pictures
presgp dresemtiPthe RAU, also 3o specifies a still picture sequence in the

RAY T herigdorg sthey pigig g ependingsarnaialys asperaingdahe iirsch  are
embodiment can examine, by referring to the RAU map MI, -20 whether

7 A p
perfoirRgana RN LIHIGHEEAsP ki e lAdd Sra G heditane giFecond
embQIFHE SeqeRs $7-that ifisi pogsiieie;specify, without analyzing each

picture layer in the RAU, pictures which do not need to be decoded,

wHidksullSih redl8ngldPandditht 688k 5o belrwdasH. PIGPoRGdGEIoN
strucqiﬁgéa@fsé‘oﬂ’i'%@(%‘ 53(@{@91@ of a syntax of the RAU map MI.

num_pic_in_RAU represents the number ofé{).ictures inthe RAU. )
fram&field-8dy répredéntsBnitBBREREN pictiRE P ie FAYVE RGcodBdping

pioy BT B AR BSRH TNS IE RSBV e
preseafférinatntiéghirding each picture is

FIG. 20B is an explanatory diagram showing another jumping
play-back using BI-picture according to the third embodiment of the
present invention;

F1G. 20C is an explanatory diagram showing still another
jumping play-back wusing BI-picture according to the third
embodiment of the present invention;

FIG. 21 is a diagram showing another example of a syntax of
the RAU map according to the third embodiment of the present
invention;

FIG. 22 is a block diagram showing a picture decoding
apparatus according to the third embodiment of the present
invention;

FIG. 23 is a flowchart showing operations which are
performed by the picture decoding apparatus 300 according to the
third embodiment of the present invention;

FIG. 24 is an explanatory diagram showing the operations
performed by the picture decoding apparatus according to a
variation of the third embodiment of the present invention;

FIG. 25 is a block diagram showing a picture coding apparatus
according to the fourth embodiment of the present invention;
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indicated in decoding order. This means that the RAU map MI specifies a

still picture sequence in the RAU, by indicating the 15 picture types

(including a Skipped-picture type) of the pictures in each RAU. Here, the

still picture sequence in the first embodiment means a position and a

range from a reference picture to a last Skipped-picture, in a case where

a sequence of a plurality of Skipped-pictures follows the reference picture
(I-picture or 20 P-picture) in decoding order. For example, the RAU map

Ml iicatesghaipiciureg framiibg tsespranistyre spa lagi pistradmiee  are
RAU are all Skipped-pictures. In the above case, by referring to pic t

perfoi e RAY s NI GHE" BiGarRdi BELGPAR A atdS tefdtMResdo! %%BJ rth

emb&i$i ARIIRIAS el e el tispiarethe sasulkiegeatedly, without decoding
the second and following pictures. Note that the RAU map MI can include

fUrEGs infothtion R, 3G dowA TEnNAIRARAIES Hot AR RS GHET NG 2
stor{?@%@%%'%ﬁi@ﬂf‘ beheedisplayad @ryviether desadingof ther image
am

e 30 starts from a top field or a bottom field, and the like, for each
codipguire MG do ich dRgIERRSHHWIRF A BxapRIRREQIAIRG 240 the
QW?%@F&H ML. In the advanced profile in the VC-1 standard, picture
types of the first field and the second field for a frame of field-structure
are indicated by a field-picture type which is included in the picture layer.
BesOMUIE SIS HPRBtnncE o frdkigisure and the second

picture) is defined by eight patterns which are (1, 1), (I, P), (P, 1), (P, P), (B,
B).T(BE BIf QBRI EnddBE B Ther &5 O HNERESVhRFE lifuge TO  the
Sj i bl ' indj [ of both of the first
pres |g'l% ﬁ%gﬂ%ﬁo\&aﬁiﬁ%ﬁﬁ%ﬁg@e %ﬁ;ﬁgggﬂéﬁﬁgﬁ fame, by indicating
thd FibigipicveagbengRéefore, the syntax of the RAU map MI shown in

FIG 9 map is stored at the beginning of a RAU in a VC-1
stream according to the first embodiment of the present invention,
and a picture decoding apparatus according to the first embodiment
specifies a still picture sequence in the RAU by analyzing the RAU

pres

map.

FIG. 8 is a diagram showing an example of a structure of the
RAU which is included in the VC-1 stream according to the first
embodiment.

The RAU structure includes an entry point header (Entry Point
HDR) and user data which are positioned at the beginning of the RAU,
and a plurality of pictures which foliow the user data. Note that, in
the VC -1 standard, the RAU is referred to as an entry point segment
(EPS).

More specifically, the RAU according to the first embodiment
differs from the conventional RAU in that the RAU includes a RAU
map MI which is arranged in the user data (user data at Entry-point
level) and indicates if Skipped-pictures are present in the RAU, also
specifies a still picture sequence in the RAU.

Therefore, the picture decoding apparatus according to the
first embodiment can examine, by referring to the RAU map MI,
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also indicates a field-picture type of a picture, in a case where the picture
consists of fields. More specifically, num_frame_in_RAU represents the
number of the frames in the RAU. field-coding-flag 15 represents whether
or not the picture consists of fields. In a case where the picture consists
of fields, a field-picture type of the picture is represented by
field_type_flag, and in a case where the picture does not consists of
fields, a picture type of the picture is represented by picture-type. 20 That

whet épz Y g1aq Yl ‘mﬂp?:ﬂ%?da%@eé&?t@ﬁ JRapi MLFRAWVBIRG can

, specifies a s ture sequence in a RAU, by indicating picture
specifyebiut evtify PtairesansREH T Moreblat italeaBO aHbHEO FRECifY,

irhinglu ikRic iBPRLRICtHES HY QUM PistEfeSes which do

with %c%ﬁfgzglgﬁbgzgéﬁ‘pgggﬁt%r@ a part or all parts of the RAU

not rbeednies bestlipsiodadseveaber apIESCHIE A-BEHAH G BrARhetEE #f data

rgces art is the still picture sequence or a hormal moving-picture

to bésje%%gro?cge%?ﬁe picture coding apparatus changes the decoding and

disPlying Arasessitiy SbaratIheo RALG R MKHEYAHRIGdedupnbtay of the

informaM'(in regarding whether or not the RAU includes any still picture

s@qu%nce.'FlG. 9C is a diagram showing still another example of the 22

syntenof {hie RiKU_ AP MiepregesyitakhoboHeBs fayf rdpdderes 1n the
whether or ' IheigHEe sepuensid in the RAU

RAusta lr_ %mjmﬁé;?d@%éj_% _l]lngt%r% @Eém i]t%lgﬁgill picture%s:?quencé in the

is cdtd Moresb Splcficstityy i areasewheredmbtiofléssstiay ¢ 4l the RAG..tYPe

map MI indicates that ingl asilk picture E
re Drﬁﬁgrblg?sg vf?r{grE rrheoggﬁgs@ﬁ%bﬂié Iﬁﬁﬁ% g&[ﬁ%ap I\ﬁl in icatzg ?t%sthtghi eac.h
pictustid pictudesequeTet stares vifthamm-picane oeBPictingwrigkls picture is
.. represented by start pic and-ends wi ki -pictur whi
g8 PErebintht ey LN e TG HHERRSIREE RIRIR AV, b1
specifies a still picture sequence in the RAU, by indicating the

picture types (including a Skipped-picture type) of the pictures in
each RAU. Here, the still picture sequence in the first embodiment

RAU

means a position and a range from a reference picture to a last
Skipped-picture, in a case where a sequence of a plurality of
Skipped-pictures follows the reference picture (I-picture or
p-picture) in decoding order. .

For example, the RAU map MI indicates that pictures from the
second picture to a last picture in the RAU are all Skipped-pictures.
In the above case, by referring to pic_type in the RAU map MI, the
picture decoding apparatus determines to decode the starting
picture and display the result repeatedly, without decoding the
second and following pictures.

Note that the RAU map MI can include further information on
3:2 pulldown which indicates how many fields one frame |is
equivalent to in being displayed, or whether decoding of the frame
starts from a top field or a bottom field, and the like, for each

picture.
FIG. 9B is a diagram showing another example of the syntax
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Note that it is possible to set motionless_flag to as 1, only in a case
where all parts of the RAU are a still picture sequence or where the RAU
includes a still picture sequence which continues longer than a certain
time period. 15 FIG.9D is a diagram showing other example of the syntax
of the RAU map Ml. In this syntax, number_of pictures_in_EPS
represents the number of pictures included in the EPS. picture-structure
represents whether a picture is a field or a frame, or represents how 20
of théaw fielagneqrame is equivalent to in being displayed. picture_type

represents which picture type, namely I-picture, . P-picture, B-picture,
SHBpRRGRAVAR G RKE tHe Pkl Biiongs B eI RiHAG Hihgs of
the flsrdfie pioarad hitseok stuffing Mitsdpicinre-siraeties Aftepdtwartyneriey are

i BlEson of SO FRemole [ e et e over

The ﬁﬂ&fl%fﬁg@mi@g f%p@czimacgaﬁtg/_e\wmm' l\e/rlslvfirﬁth@ E_H%Tépggtﬁﬁ@ I;a?_a@ the
, In the same manner as the RAU map shown in . 9A, spegifie
seCOnL i BRI STUR b R e o DR AT o A g (1, P,
(P, 1)types gfithe pictares ip eash) RABIERS). Mote (Bx, the RAUMMmapdibmay in a

store the information regar ing respective pictures in an order

f o
case BRAYHGANB (SbHFBs CORSRRS b0 MEitthe HALF ARSI Sy Worindicate

pictufethgpbtopnatgrrvhich niedipaiesuhatherdherHefemasion reaaintich are
respective pictures are stored in the decoding order or in the display

incluggfrinétd B habive RAGH P Aty IS St W BsEYBSa in 5 a
layer dhatris differprt €Om BIERFYRRINRANE! 08 SXRINPL dw HSh dRls, 9B

for a starting picture. Note also that, in a case where the RAU does not

also indicRtas sIipk-piGhrs Fenea0 nthP MtHEEs Hothé& pehere the
pictuBENeFERAIFsSYON f63g8. It iIppossibigdTlicaE,, Whelher prawidhen RAU
RAU includes any Skipped-ﬁictures, by examinin X .
represents the number of the frames in the RAU. field_coding_flag
represents whether or not the picture consists of fields. In a case
where the picture consists of fields, a field-picture type of the
picture is represented by field_type_flag, and in a case where the
picture does not consists of fields, a picture type of the picture is

represented by picture_type,.
That is, the RAU map MI, in the same manner as the RAU map

MI shown in FIG. 9A, specifies a still picture sequence in a RAU, by
indicating picture types of every pictures in each RAU.

Moreover, in a case where the RAU includes only I-pictures
and Skipped-pictures, or only I-pictures, P-pictures, and
Skipped-pictures, a part or all parts of the RAU becomes a still
picture sequence. In this case, depending on whether a processed
part is the still picture sequence or a normal moving-picture
sequence, the picture coding apparatus changes the decoding and
displaying processing, so that the RAU map MI may include further
information regarding whether or not the RAU includes any still

picture sequence.
FIG. 9C is a diagram showing still another example of the
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1o the existence of the RAU map MI. FIG. 10 is a block diagram showing
a picture decoding apparatus 100 in the first embodiment. The picture
decoding apparatus 100 of the first embodiment which decodes the
stream STR that includes the RAU shown in FIG. 15 8 includes: the
variable length decoding unit 101, the picture memory 102, the motion
compensation unit 103, the inverse quantization unit 104, the inverse
orthogonal transformation unit 105, the buffer memory 106, the display

Synta&n@ﬁQﬁéhRAdﬂeﬁé@BMﬂl_stream extraction unit 109, and an information
obtainment unit 110. 20 'I'.his{?ictur%1 decoding ag;(ﬁgaratus 100, differs from
&

the ASHSeRHOHA piclIR RS Rrani 665 Wt the Sirdaiy MOt the
RAU extrRstienuninl0gand ihie infeematieruebiaioment dnis ddftamei@ddedn and

The information gbtainment upit 1.1Q obtains the RAU ma from t
end_RifriaBléRngBf&ethd Héiuﬁﬁ' OR ' GHY Siso BHtAMS: Fro %hwéoﬁé% apﬁ)re
specifl@yibpckimede signal Fidrer instristingtetdils ofi speriahplaR-Abckisagh M1
~ . as high-speed play-back. Then, the information obtainment unit 110 .
Indicaehy bR KA A N Y orF Py bECREHOLE Wdral T HAg™ 17
a cas&siaimines(selecis pictytastos3) hhaergdedre Miomuditimites that the

_ obtainment unit 110 outputs a decoding picture instruction signal SP , . . .
Still. RN T RS EC GBI h D Uit RIS Gyt KUREHOR hfich 1S

reprei@htéd Feyexample dica pasewheneitherRAU winih Mé irSkigesdbe picture
syntax shown in FIG. 9C, the information obtainment unit 110 determines,

whichyisdEo aftiBhREshag WhePiS- 8Bt the RAU to be play-backed

inglydestamsit! Rigyse senuenses dhenoifitiale detemaaiomis madely in
that the RAU includes a still picture sequence, the information obtainment
a casgwiersheHlicRaRES Il akE HAGLY BHEs@nshE Mifidpg Seduence or

wher&neh BICRAUD. iAkken aRecitying the 5t wictukespgeARee, wiei ttorcmtian ues
obtainment unit 110 determines,
fonger than a certain time period.

FIG.9D is a diagram showing other example of the syntax of
the RAU map MI.

In this syntax, number_of_ pictures_in_EPS represents the
number of pictures included in the EPS. picture_structure
represents whether a picture is a field or a frame, or represents how
many fields one frame is equivalent to in being disptayed.
picture_type represents which picture type, namely I-picture,
P-picture, B-picture, Skipped-picture, or the like, the picture
belongs to. Further, stuffing_bits is used to align all bits of
stuffing_bits, picture_structure, and picture_type, by integral
multiplication of eight bits. Furthermore, in this syntax,
stuffing_bits, picture_structure, and picture_type are indicated in

decoding order, regarding respective pictures included in the EPS.

Such RAU map M, in the same manner as the RAU map MI
shown in FIG. 9A, specifies a still picture sequence in pictures in a
RAU, by indicating picture types of the pictures in each RAU (EPS).

Note that, the RAU map MI may store the information

regarding respective pictures in an order of displaying the pictures.

-9 -



10

15

20

25

30

from the pictures to be play-backed which are indicated by the io
play-back mode signal TM, only pictures which are not included in the still
picture sequence, as pictures to be decoded, and the information
obtainment unit 110 outputs the determination results to the decoding
picture instruction signal SP. However, if the pictures to be play-backed
which are indicated by the play-back 15 mode signal TM include a picture
in the still picture sequence, the starting picture of the still picture

NoteSSAUERER: IS determinedia peMhenpisiusededd deceded rifaithentifdie which
RAU map Ml includes the syntax shown in F|G. 9D, the informatio

indicabeinMBRLGE 1HtesHRtHE AURNIGIR" Sl R JGaREChadePintures are
storeRiCiHa HPE avhieh isgndichiedderieneh pidtiseia the RAds. Then, the

information obtainment unit 110 determines, from thgé)ict res to be

Ay EcRIA N HRAHE AL ARRNY R¥aRe 58 SRD Fechdpta in

a layRiftWiesivhichigre rehinGigied inthenstil pisblrerseayencd.oas pictureplie, in
be decoded, and the 25 information_obtainment ynit 110 outputs theh th
user @eﬂéﬁﬁiﬂéﬁbﬂ@ﬁI@Qt&tﬁétbré“codiNé’ﬁ%ta}é%gh@&idﬁ's?g gs§pvnere the

RAU ldowevery as rigsciibed Apoyr; i iaipisittes-tosherplay ibackeshwpidi Brd oes
indicated by the play-back mode signal TM include a pictureé%the still

not naeadréedfareartadring Pistirdof thé S pledird 30 T& GekR i icate
w hetg%?fﬁ?j neskterhe R BiniHRIPe slesodrib Alier-ohi@iningshe steramining

TR, the stream extraction unit 109 firstly detects, for each RAU, the
the epvdde RXU PhdhR Bhlénmza 3 ositioned at the beginning of the RAU,

angheutpyty the RAU mapMI i hieavariadiealgnely dgcggiagmit 18écoding
After obtalnin_g the decoding pictlre instruction signal SP which is
appavaiptatedibmn ke anfbiptabon BBEHIMBE unit 110 based on the RAU

mag, M1 ,he §3ireRIp SXiRgtIaR Baitd ARG tH froRiiTersiream S Biment
data of 'the pictures to be decoded which are indicated bé the decoding
[

whichisteeodaruthen SigRarsrS ARd QAR thedak th & ddliatiown i FIG.

8 includes: the variable length decoding unit 101, the picture
memory 102, the motion compensation unit 103, the inverse
quantization unit 104, the inverse orthogonal transformation unit
105, the buffer memory 106, the display un'it 107, the adder 108, a
stream extraction unit 109, and an information obtainment unit 110.

This picture decoding apparatus 100 differs from the
conventional picture decoding apparatus 900 in that the stream
extraction unit 109 and the information obtainment unit 110 are

added.
The information obtainment unit 110 obtains the RAU map MI

from the variable length decoding unit 101, and also obtains, from

the outside, a play-back mode signal TM for instructing details of
special play-back such as high-speed play-back. Then, the
information obtainment unit 110 analyzes the RAU map MI based on
the play-back mode signal TM, and determines (selects) pictures to
be decoded. The information obtainment unit 110 outputs a
decoding picture instruction signal SP  which indicates the
determination results, to the stream extraction unit 109.
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length decoding unit 101. When the variable length decoding unit 101
obtains the coded 10 RAU map MI from the stream extraction unit 109,
the variable length decoding unit 101 performs variable length decoding
on the coded RAU map MI, and outputs the decoded RAU map Ml to the
information obtainment unit 110. Further, when the variable length
decoding unit 101 obtains, from the stream extraction unit 109, the 15

data of the pictures,which are included in the stream STR, the . variable
et e ol (A G A Lo T
syntaandouputs drguahGzatidg valhe Qo farefeseince ritited ispeetficationt 110
information Ind, a picture type Pt, and a motjon, vector MV. 20 Th tion
SRiss s RAU (0 be

deteriRSranarti 8 OHHUES Sn RS VRTEH' & 1Ak
play- bwties dector MY etsoraithe dadiidguipicitee $refauentequicturBhwhichis the
stqred in the pictur mory 10 .indicated by the reference picture
deter GEAIAD M TOAHE A0 R DS UG s ol 2 B EHraeed Uence,
the irfieturesitithe atderiA08edt TheiinvarsegpaniFatton vpitstOd iavetselpased
uantizes the quantization yalue Qc to be restored as a fri%léency

On St dspiline U oﬂ{béts‘% #ré Getty ToeffidntihtocMBGHWIRE the still
pictur@itbegnnah tansteemation tnittioh. dbednvensenertiagonal 0 determines,

transformation unit 105 performs inyerse-frequency transformation on the
from $8feglehd)coehbiatt R ARIG b IR pREFIIRAAREAEdnBY The
play- 9atute{Be edglgdiffarantal imie prderte8 Wwhecddeel o addsciiged in

ixel differential with the predicted picture which is outputted 26 from the

the spibiidh ebiSensafidHilie103 Sankd gEHERSed A dRBodeBC PR DL the

infornT A& ihe BedRs AQSRtales the deceded ictuR &/ b tinterihedridwWeresults
memory 102 and the buffer memory 106. The display unit 107 obtains the

to thgedfRfeadibrePichit Fon W BIFEPE i 9BR! 168, andldRpiayss if the

picturistue ceereppanding dréhe JasndedapictirrivVastcioteyhahibepigiue ack
memor){ 102 and the buffer ) . .
mode signal TM include a picture in the still picture sequence, the

starting picture of the still picture sequence is determined to be the

picture to be decoded.
Further, if the RAU map MI includes the syntax shown in FIG.

9D, the information obtainment unit 110 specifies a still picture
sequence, based on picture_type which is indicated for each picture
in the RAU. Then, the information obtainment unit 110 determines,
from the pict&res to be play-backed which are indicated by the
play-back mode signal TM, only pictures which are not included in
the still picture sequence, as pictures to be decoded, and the
information obtainment unit 110 outputs the determination results
to the decoding picture instruction signal SP. However, as
described above, if the pictures to be play-backed which are
indicated by the play-back mode signal TM include a picture in the
still picture sequence, the starting picture of the still picture
sequence is determined to be the picture to be decoded.

After obtaining the stream STR, the stream extraction unit
109 firstly detects, for each RAU, the coded RAU map MI which is
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memory 106 may share a single memory. Note also that the stream
extraction unit 109 may output data of all pictures which are included in
the RAU, into the variable length 1o decoding unit 101. In this case, the
variable length decoding unit 101 selects, from all pictures included in the
RAU, pictures which need to be decoded, based on the decoding picture
instruction signal SP which is outputted from the information obtainment
unit 110. Then, the variable length decoding unit 101 performs variable

.15 leng [ t ted.pictu |
posit FUERL NG N 1R o R s et e W WAy s o

to thenlyrispdeial pRgidack eteH iaxohighthedd play-bAtke bnd Hwiising the
de coﬁ@%ﬁﬁﬁd?&%’%ﬂﬂ?% PlaYREks |5 G e deles TRt i HesrdRlh e

es without analyzing the RAU 20 map. FIG. 11 is a flowchart

informstatiing ofdrationsamiichaie pdforireas) e piégrdidtdodmgr MI, the
strea p%g?%c%f)@r??ﬁqrgi O @?tpé%t%m@%meﬂ‘ré’vm%p% data of

ecoding apparatus 100 réceives an 25 instruction to start specia

the pittyback thelpictdeatdsding hisgarats io@fi@gﬁ@ﬂetemmg vieaeding
pictu %g@;&ﬁ@gﬁgﬁn@%ﬁgﬁ Siorefip YsEE AR N AR SMIYPRBHACSIERb e

er words, the picture decoding apparatus 100 determines
lengtivhibtuerdim gotithid RAU map Ml is detected. If the picture decoding

ST e R Pc Be A e
RAU rprapeldifgshipthairstiiy anSteptsacsiop7uveteldpaeitibally af thé sctaregth
aecod R R D R B R 0 covea
RAU $163), #ib, detedninest (sefect)hfrom eeogictdre8 Mliherkap Which e the
inforrﬁggée P RASKEE SETNA SRESR! PIRY PASK PIRIHISS 1985,95598%d 1ength
decoding unit 101 obtains, from the stream extraction unit 109, the
data of the pictures which are included in the stream STR, the
variable length decoding unit 101 performs variable length decoding
on the data, and ocutputs a quantization value Qc, a reference
picture specification information Ind, a picture type Pt, and a motion
vector MV.

The motion compensation unit 103 retrieves an image which
is indicated by the motion vector MV, from the decoded picture
(reference picture) which is stored in the picture memory 102 and
indicated by the reference picture specification information Ind, and
outputs the image as a predicted picture to the adder 108.

The inverse quantization unit 104 inversely quantizes the
quantization value Qc to be restored as a frequency coefficient, and
outputs the frequency coefficient into the inverse orthogonal
transformation unit 105. The inverse orthogonal transformation
unit 105 performs inverse-frequency transformation on the
frequency coefficient to be transformed into a pixel differential, and
outputs the pixel differential to the adder 108. The adder 108 adds
the pixel differential with the predicted picture which is outputted
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on result of the analysis (Step S104). Note that, when the special
play-back of the RAU starts, the picture decoding apparatus 100 always
detects the RAU map Ml at Step 5100, and specifies pictures in the RAU
to be decoded. In 10 other words, when the special play-back of the RAU
starts, the picture decoding apparatus 100 in the first embodiment
selects, based on the RAU map MI, from the pictures which are included
in the RAU and to be play-backed during the special play-back, pictures

fromEXFRPtR K BRAY-BisHISs raathe RiGiWRS 1@be desaded derateasathtecoded
~ RAU map Ml is not detected at Step S100, or after the pictures tq be
pictufe)od are JHEMielH S1H 8104 he Wik AECHRAG bEaRI TG0 VOut
into dgtecty A-bapdersbippigture tstarh eodeleinse feictunes miiel ar®i theThe
~ RAU and to be play-backed during the special pla -a?cklfoeg 51%%). 26) £
i PRISKIUTAE phR eI A HAEETO0 RUmMHES Winithol BFhat e DU frer
menRifyre wRosgheaderflas/keanysietegted &b Bter 366 ddgwiichlizadecoded

picture to be play-backed during the special play-back ong the pictures
picturgr Nvdbeeh S56ciHRA o HedSUSEE Gt BIEN81Y4 é@p 7 fh Quifer

if natian e e i is among the pictures
enldh¢ dierminAliaa raadednag feee Riciie g the p
m Wht'ijgh have been sEecified torﬁ? decoded (YES at Step S108), the E)icture

dediatityisatans 106 HeaRes e RGeS 511, Makgeutput data

of aiﬁ feriPation i Arade dhat dhe iiurs ieoRaMPNh thetpistwgsiwbiehlength
ve been specified to be decoded at Step S104 30 (NO at Step 5108),

decoshiamernépidie isldedbiad@ st BE1YAHS BiGule MBEBAfHGCOdiIng unit
101 YWRALS 00 eraminerhpien AEnob thereren stilRany pigterasrodevhich

processed (Step 5112). -28 If no picture to be processed is found (NO at

needStepEL UBCa#adink 35@ar e BddRifG SpFHARUE Y EBrHpRiEdEijon signal
L b e i
Therf;omiéepfariabf)e length dgcopging unit 1%1 perfo?ms variable .
length decoding on data of the selected pictures. Note that the
information obtainment unit 110 may specify the picture to be
decoded only for special play-back, such as high-speed play-back
and inverse play-back. In case of normal play-back, it can be
determined to decode all the pictures without analyzing the RAU
map.

FIG. 11 is a flowchart showing operations which are
performed by the picture decoding apparatus 100 according to the
first embodiment.

When the picture decoding apparatus 100 receives an
instruction to start special play-back, the picture decoding
apparatus 100 firstly determines whether or not the RAU map MI is
stored in user data in an entry point layer (Step $100). In other
words, the picture decoding apparatus 100 determines whether or
not the RAU map MI is detected. If the picture decoding apparatus
100 detects the RAU map MI (YES at Step S100), then the
processing proceeds to Step 5102, and if not (NO at Step S100),
then the processing skips directly to Step $106.
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5 5100. For example, in a case where the RAU map MI has been
detected at Step S100 in the previous processing, and the following
processing proceeds to Step 100 for the same RAU, the picture decoding
apparatus 100 does not need to detect the RAU map Ml at S100 (NO at
Step S100), but performs the operation at Step 5106, io namely, detects a
header of the next picture to be play-backed during the special play-back.

As described aboye, the image decoding method in the first embodiment
O o AR BHont] i JHELARG nABROIN faPRBa aTiS 100

d ete}i@lngrfﬂﬁmﬂm Siep %Qo(w%eeﬁm%pr?m@mwmé Ei@thﬂﬁﬁs @ecoding
owchart showing operations, of analyzing the R ap_MI whi r
2D ed B B BATAESeeb it g e Boo Mo attho B ad), and
de teemiiedingile FarteXaniplerinth eapeovberssthe RAEY RAUMY ndtides ¢heo be
syntax shown in FIG. 9D, the picture decoding apparatus 100 firstly 20
playsPRCEEIAVARG ABE TR YA IRl S De e eaed, based
on rSkipreditieresn Epye ibg gicees whigh. are included in the RAU and to
be play-backed during the special play-hack (Step S120). Next, in a case
il Bk MBEE B RSP LTI RACT &k bl BAK G TS, the
pictuTdrgedpisinig, dpppictitiedading veayaprasatusts0BHIERIMINGE Ep MI at

use a result of decoding an I-picture or a P-picture which is immediately

StepperdidtheBMihprRESLRE iR 0ELEEM Y Brdéieal A HicteR®rdepastfity In
otheto 1o RKPPSFHIFUN ¢StopeaaR) JYate hatieven imormalplayhaek. the

which is not the special 30 play-back, it is possible to specify, by referring

pictysend REQAMYD AP PSBEEE-pldfteiand ke ikes Wwivdn BrdimRpdcielects,

basefedrAthetataWhraghe Bkinras-nipkrg ineluged iy e iRAYdsinciuded in
displayed, -29 the picture decoding apparatus 100 displays the result of

the RLbbiRy theiidiGre BlaNs BAgkRFe WHMEHS spE&reaRg G $12¥-back,
pict A% inasdigiely pelgre theurkiBpespitieresictures to be decoded.

In case the RAU map MI is not detected at Step S100, or after
the pictures to be decoded are specified at Step 5104, the picture
decoding apparatus 100 detects a header of the picture (start code)
in the pictures which are in the RAU and to be play-backed during
the special play-back (Step 5106).

Next, the picture decoding apparatus 100 examines whether
or not the picture whose header has been detected at Step 106 and
which is a picture to be play-backed during the special play-back
among the pictures that have been specified to be decoded at Step
S104 (Step S108). Here, if the determination is made that the
picture is among the pictures which have been specified to be
decoded (YES at Step 5108), the picture decoding apparatus 100
decodes the picture (Step 5110).

In case determination is made that the picture is not among
the pictures which have been specified to be decoded at Step 5104
(NO at Step $S108), or after the picture is decoded at Step S110, the
picture decoding apparatus 100 examines whether or not there are

still any pictures to be processed (Step S112).
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Here, with reference to FIGS. 13A, 13B, and 13C, operations 5 of
high-speed play-back which are performed by the picture decoding
apparatus according to the first embodiment. FIG. 13A is a diagram
showing a RAU which is play-backed at a high speed. The first picture
counted from the beginning of the pictures is 10 an I-picture, the second
and third pictures are B-pictures, and the fourth picture is a P-picture. The
fifth and following pictures are all Skipped-pictures. Note that all of the

pictures are frames. EIG. 13B is a di j lywhic
PR P DA e g T A R S e
the pitElGede tiedinal pippaestus fidiles oo patkani et e seas d If

as 1 for all pigtures. Further, pic t I -Rigire cR-pistur
thereBiiathl BB oe i lber ) Saih e o ke faP e 1 on the
pictupis_tipeds beptappdtaRis"B'00r roRipptstbe, apgdabigrgcdsem Step
pic_type can also,be set i u iC resan e
S 100pictU|‘£rtySéalﬂt§).ETBdri]s f%s‘\?v%ﬁirts%n%ﬁﬂ)e%gﬁgnﬁgﬁimpﬁég béen
detedaythacicota Team §TRhapirellidessting @eesk FgG. and, actpikowing

performed by the picture decaodi t 0 rding,tp t irst:
procE R S Bt R B L Hed ot Kt ai e oA dete W rLure
de co@idgbappatrinle speed doeRALD @ d1BA detecs theuBédinep MI at

stream STR (Ste . Note that the play-bac I i
5 10000 MMAA GRS oLt bIay- Bt Pacd 4 e s ORIt S .06,
na méiRictereseand Pepitiuted @regiayhackesk in picise Sotwhdre ad@yamacked

_ structure of the [FAU includes I-picture, B-picture, B-picture, P-picture,

during Jib&ré P pietuRd 3 HAGHE, B-picture, B-picture, ... in decoding order. _

-30 Nexb dbeipistira eveyintapparatye Womteiéngimes: tasediontae first
embégsi%té);?n ilyfzg; tPreoﬁwA?hnéagoW\}sgg\ﬁ%é’pa'flclz'm%?’gse tﬁ%tcoding method
in that the operations from Step S100 to Step 5104 are included.

FIG. 12 is a flowchart showing operations of analyzing the

RAU map MI which are performed by the picture decoding apparatus

100 according to the first embodiment.
For example, in a case where the RAU map MI includes the

syntax shown in FIG. 9D, the picture decoding apparatus 100 firstly
analyzes the RAU map MI, and specifies I-pictures, P-pictures, and
Skipped-pictures, from the pictures which are included in the RAU
and to be play-backed during the special play-back (Step S120).

Next, in a case where the picture to be play-backed during the
special play-back is a Skipped-picture, the picture decoding
apparatus 100 determines to use a result of decoding an I-picture or
a P-pictLJre which is immediately before the Skipped-picture in
decoding order, as a picture corresponding to the Skipped-picture
(Step $122).

Note that, even in normal play-back which is not the special
play-back, it is possible to specify, by referring to the RAU map MI,
Skipped-picture and the like, when the play-back of the RAU starts.

When the Skipped-picture included in the RAU is displayed,
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pictures from the fifth picture to the twenty-fourth picture are all
Skipped-pictures and that a range from the fourth picture to the 5
twenty-fourth picture is a still picture sequence. Then, the picture
decoding apparatus 100 determines to decode only first and fourth
pictures, since a result of decoding the fourth picture is used as pictures
to be displayed for the fifth and following pictures (Step 5132).
Subsequently, the picture decoding apparatus 100 decodes io and

displays the first . and fourth picture en: . Furthe t ict .
the. B o LRARIY OIS (O it R HELaAINy the Hbrth scraging
the Teprafadly mstetad df-resuiitsrel wibdobirg thp seifdath, aéntitapirtetrth, and is
. sixteenth, nineteenth, and, the twenty- d pictures. 15 Note that the
'mmﬁé{i‘fﬁ& ER{ ﬁaghc?es%r{iﬁje%efﬁar%ggg%ﬁ\u of the VC-1 stream

inclides awRikH meipaad teat thd pEtirel décodiddappachtis €oooperations

decodes the stream, but it is passible to_ap ing meth C
of  Hiar it e URY RS PEEIA C tHe U Sedare B RiCtUre
decorfithe stpeam io chudes: ey BAD riap. Hiesé, emeh dfdi ooty method in

which the same picture type as, Skipped-pi is not defined, i ied,

the ertioarads AR SRR L HOr oP et Uy BiAYama e at
a higictgpreagia Skipped-picture in the RAU map, as far as a type of the

pictyre is actually the same as Skipped-picture. 25 (First Variatio .

folloRfg AL 5 G f?aiﬂti"c?r?&?ih%ﬁﬁa‘%ﬁ%@t%o%ﬁ BpllEures is
an 10sréaimed byithe pictiie deaddiny epparatus é80aaec@dirigta tiesfirand the

embodiment, For examﬁle, thererﬁmffdrr&ia cgs]_e jlat decodir?gtofggg é%(r)e all
fourtdiapicd il hine GhiHhture g dErde Y& Tt COHPR R Withif 2
Skippeerdinatime periadovbiatheange fipmaedpioding iner stérapr(BI S) to

a presentation time stamp (PTS). Therefore, in the riation of first, .

en%im&é%véﬁ-if@he@é&fcﬁ%@o gwn’\g a ﬁl‘a‘\{? map m‘f which
corresponds to FIG. 13A. The RAU map MI includes the syntax
shown in FIG. O9A. Here, all pictures are frames, so that
frame_field flag are set to as 1 for all pictures. Further, pic_type is
set to as I-picture, P-picture, B-picture or Skipped-picture, for each
picture. Note that, in FIG. 13B, pic_type is set to as “17, YPY, BT, or
“Skipped”, but, in actual practice, pic_type can also be set to as a
numeric value which represents the picture type.

FIG. 13C is a flowchart showing operations of high-speed
play-back of a stream STR that includes the RAU in FIG. 13A, which
is performed by the picture decoding apparatus 100 according to the
first embodiment.

Firstly, the picture decoding apparatus 100 determines to
play-back at tripte speed the RAU in FIG. 13A which is included in the
stream STR (Step $S130). Note that the play-back at triple speed is
a common high-speed play-back, and is the same processing by
which only I-pictures and P-pictures are play-backed, in a case
where a stream structure of the RAU includes I-picture, B-picture,
B-picture, P-picture, B-picture, B-picture, P-picture, B-picture,

B-picture, ... in decoding order.
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starting picture has not completed by the PTS, the starting picture is
displayed after the decoding completes. FIG. 14 is an explanatory
diagram showing the play-back 5 method which is performed by the
picture decoding apparatus according to the first variation of the first
embodiment. DTS2 represents a decoding time stamp which is included in
a header of a packet (referred to as a PES packet) having a code of a
starting picture pic2 in a still picture sequence, in other words, io

represgnts atime-of,decading iR S1aRg Pt Rigd BESSr ARRSENSased

I
a presehtarl%znrﬁme stamp which |§included in the header of the packet
on ahaving thefceduadyttie statieg Pittdrérhid2, M GG WBIdS, felfresdrnt®a that
;:)ictugerrlé Pl pFES t%t'ﬂ'f’t(f?u vt grdispiayhe’ {De-siafing DistHepiaifeTatke all
1and P represent 15 respective times in the same manner as

Skippleserifietiuatiyea Aok ékarhpie, T8 BRtGFOHRCBAR AP Aldy gto the
twe nahgy\énu'Pt ﬁ:gi'&f'rr%airﬁséj%??ﬁ'?ﬂ&‘ﬁ eHHg RiGi¢e PicZ b RT8Re picture

wever, theré’is a case that a decoding completion time is after the
deco@TF82.aPiperetdresir § Gade vaierd acfededidg Eofpl&RdIY tfirstopie seurth
., Starting.picture in il pg i £ RS2 jctur
PictU s ap gt L0 Shoaa o e saniian o1 ooy, sed as
pictuembaimioat stimts presenfatiohlse aftiile of adrd@B@dn@nriciyires (Step

immediately after the decodi lati i T |
5132 acomh SEAL AN Yo D L O GLb T PR baie e
and ceeg kigriing fheturefibat thes mdcodiag Hed nopteitipleted bptep S134).
resentatiop, time .stam ictur ' . '
Furt R ik T sea G SRl acprba L Aot Buit
of démsdiaqptarel fisprys thiztecedod paakediuedendh pfedafakién of

deco%{iﬁfﬂ&%éﬁ%&éﬁwﬂc g ﬁ|ﬁ%]%rﬁh"‘fl?i’)"(‘i:%h%ﬂ?"mﬂé@%enth, and

i~ pérformed by the picture decdding apparatus
the thOrascadiognaitipdcidaes.
Note that the first embodiment has described that each RAU

of the VC-1 stream includes a RAU map and that the picture
decoding apparatus 100 decodes the stream, but it is possible to
apply any coding method to code the stream, besides the
MPEG-4AVC and the MPEG-2 standards, as far as the stream
includes the RAU map. Here, even if a coding method in which the
same picture type as Skipped-picture is not defined is applied, the
method can distinguish a picture from other pictures by regarding
the picture as a Skipped-picture in the RAU map, as far as a type of
the picture is actually the same as Skipped-picture.

(First Variation)

The following describes the first variation of a play-back
method which is performed by the picture decoding apparatus 100
according to the first embodiment.

For example, there would be a case that decoding of the
starting picture in the still picture sequence does not complete
within a decoding time period which ranges from a decoding time

stamp (DTS) to a presentation time stamp (PTS). Therefore, in the
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first variation of the first embodiment. The picture decoding apparatus 100
according to the first variation of the first embodiment starts decoding a
starting picture at a DTS of the starting picture in the still picture
sequence (Step 5 S140). Then, the picture decoding apparatus 100
determines whether or not the decoding has completed by a PTS of the
starting picture (Step 5142). Here, if the determination is made that the
decoding has completed (YES at Step 5142), then the picture decoding

vari%‘?ﬁﬂraﬁﬁs 1P displays éha secoedrstartingpictife, titel odee @TRYGIEY the
144). On the other hand, if the determination | ade th - i :
startag @%r&mﬁét@@{r@@’m@%ﬁglﬁ%)?hﬁen r%peﬁt%géng%% ftre is
disp%%P@@%'ﬁégotﬂiép@ééélﬁﬁﬁgwdﬁdpm@eg picture, at a time after the

S, namely, at a time of a frame-grid,immediate F completin :
de&déing ¥§\{eb553?4?3).e Ué,tgcrg'oraii 4638 p%‘%fé@éiarnet e%d %\Eﬁgﬁ back
m et. %er(Qrm@ﬁ %t@@iﬁ@ﬂ@é@podmgt&p@ammﬁdﬂ@ af edeodkiagion bpdgatus
irst embodiment, in a case whergﬁh%ggncg)di é)H e atlarﬁiggls_icture in
accotidingl pritiestiabnteidiiy & d drotThdleted by the PTS, a
plis@qusbtzlr}e;egrr@§eqﬁqgi@gt;d&gr@:}?@b?ra@I%ﬂa_rlr:mdala}'/eh,izoisath&tetd ina
is possible to improve picture quality in icture uence,
hea d:@?npﬁrédﬁé @"fgtsé R/@%@ﬁ’é’ @r%qg?aﬁ)i/ﬁgap?&%e F?saﬁi(te Eliqugy\/’elﬁ.a@eggn%e of a
Star%{ﬁr-oﬁ(gét!%e,y?eﬁeg@ng va¥iatiqn; ef the: pew dpack ethod dEher words,

per by the picture decoding apparatus 100 according to the _first
represwotiment tMepielure @eesdng a\%Fb%ra?ﬁ? il 6’8&6‘@%% Yo I%JCE' PTS2

e

re r%%%‘%%‘Pﬁ varialpa Sanesavss thimeadsebtherdeadsiion si#l piotored esedim the
PTSR application such as a BIu-r% Disc &E%D). 30 For %Et@eam, th%re are

headeo kihd&6f Freakss o gark iR 8 e dtlehe i VIR Bict!dd hre P12 11
othe%lilké‘éfq‘l“er@gm@éjeﬁ@@ 9rHRAEe GTigiHEasceACHt b Wifich aMides ais play) of
identical decoded result are

the starting picture pic2. DTS1, PTS1 and PTS3 represent
respective times in the same manner as described above.

For example, the picture decoding apparatus 100, as shown in
FIG. 14, starts decoding the starting picture pic2 at DTS2, However,
there is a case that a decoding completion time is after the PTS2.
Therefore, in a case where a decoding completion time for the
starting picture in the still picture sequence is after PTS2, the
picture decoding apparatus 100 according to the first variation of
the first embodiment starts presentation at a time of a frame-grid
which is immediately after the decoding completion time.

Thus, in a case where the decoding starts at a decoding time
stamp which is included in the coded starting picture, but the
decoding has not completed by a presentation time stamp, the
picture decoding apparatus 100 according to the variation of the
first embodiment adds a margin to the presentation time stamp and
displays the decoded starting picture at such presentation time
stamp with the margin.

FIG. 15 is a flowchart showing the play-back method which is
performed by the picture decoding apparatus 100 according to the
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-33 positioned consecutively. By the other method, pictures following a
starting picture are subsequently positioned in order to improve image
quality of the identical picture every decoding processing. To distinguish
sequences generated by both of methods, the former 5 is referred to as a
complete still picture sequence, and the latter is referred to as a
gradually-refreshed still picture sequence. Here, in the complete still
picture sequence, it is possible to, start play-back from any desired

first yaeiasiR AE LBEuEHES 1B MRREERE B'5tarting picture in the sequence.
Oniike pikeuhand drisdhepragysllyefreshanistitl pictues sgauenceh d igirst
_ impossible toF_start play-back from ane/ desirad Ejoa’{tion in the setquence
variaggri&lotitg Hikta Fﬁiﬂ@c WTREE, SHAd e SEEHE Bidurd 3 WatoRagture
at a toryayiderpedifeseptnesyidtamdaeryltay denodigtaiher quiciureace (Step
following the starting picture in the sequence. Therefore, 15 veﬁhen t

h .
S 140 hiay-BdbR tark Forh & BitiiGre s BRI HRRE AtddudY ef%%ﬁ%ﬁm Ines

whet5tl Rietwgtsenvees;diar pirEssat H1e (laycndksarinepesitereistarting
decoded by sequentially decoding the starting picture and pictures
[

pictungbRipine Lbfing gkl in theh el GERIENNIHLOGHSd BRAE, fiat the
decoditgPIptestit pictpie seauenee 20 gnddhe graduallyyefresbed stlnigire ure

seduence need different processing for the speciarlcﬁllag-back, for
R

decodiggmplePRkahYsmpig SlPbayiid peretaferd 6WRER WO HigRighEEE , at

the PPQYRAK]s changed hapk ip theyppiarabpipydbapk (srthdb s ARSI is
to distinguish these sequences. 25 Thus the RAU map according to the

madesthaid isisRraddingds a srtditk FagnRiss et Nt inteo ralA 2),
then 3Rdalsedrgicatesewhathay theearsngs isiepmnlein sk pighse decoded

sequence or a gradually-refreshed still picture sequence. Then the picture

startingeainbasparatud 190N caldRh hiBeREiSond#aNsi¥n Rfed HEbaNET 2
frameRQH dnap fReghyteasily ARGCIBARE 51 RIGIHER (A Sekacodaslgit SYERr 1 46).

p‘?’ﬁ%@j tggcd(?l?g?rlingg (go%ﬁ?aSIS?é?—sb%rcei?u%éttlﬁggs‘%%l?ch is performed
by the picture decoding apparatus 100 of the variation of the first
embodiment, in a case where the decoding of the starting picture in
the still picture sequence is delayed and has not completed by the
PTS, a display time of the starting picture is also able to be delayed,
so that it is possible to improve picture quality in the sill picture
sequence, compared to a case where the starting picture is not
displayed. '

(Second Variation)

Here, the second variation of the play-back method
performed by the picture decoding apparatus 100 according to the
first embodiment.

The picture decoding apparatus 100 according to the second
variation can reduce the load of the decoding still pictures used in an
application such as a Blu-ray Disc (BD).

For a stream, there are two kinds of methods for generating a
sequence in which pictures are still. By one method, one or more
pictures each of which provides an identical decoded result are
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to reduce the decoding processing load. -34 FIG. 16A is a diagram
showing a RAU including the complete still picture sequence. For
example, a RAU map indicates that the RAU has a structure of the
complete still picture sequence by indicating a 5 picture type of each
picture included in the RAU as shown in FIG. 9D. Therefore, the picture
decoding apparatus 100 by referring to such a RAU map can easily
specify, in the complete still picture sequence in the RAU, only a starting

positlPifid e an sqiciuredhhe dscoedotn EIGnNEER il gibgrameshimvingdng a
RAU including a gradually-refreshed still picture sequence. For example
start gD i Fachitos U RO e R LD ER1EE o g et T ThiBrove
imag@raguallittefrgshedsiitl pictica beguenoeby vadigatitecs dicigefype et sing .

_each picture included in the RAU gs 15 shqwn. in FIG. 9D. Th
To IS HuIF hoRESHACT S HBENELaeahbY houh il FIte iisasthe former
is refstrretdre@fssl-pictore pt¢he beglhipgois tee RAddiamte plaratity bé {atter is
P-pjctures following, to the I-picture, (following pictures). In such a
refergeR i reReahal Ul Pire SaRhat! IS e e b
P-piciwre ip dgseded dpsetuestialy, inage qualify efibe pittise pdadtifde to

a decoded result of the starting I-pictyre is improved. This means that
start gl %~ B al%)rf-‘?éﬂe%)ﬁ sEﬁ%ﬁiErt s@ﬂﬁm&nis Hﬁit& & toomfpY&R € by

decodipdmpgeuatly ¢fita:sdl pictivessayiodheciast ptureghio beHRAthand, in

Therefore, when play-back maimed to start from some, 25 P-{)icture in the

the gradualYefiatiee @ pritlle REdITRAMERRE: HhelfictiPP0OSSIDIe to

start deaading apRamtepnl08 gan ersily specy Birieierring tehsucbegRédce by
map, as a picture to be decoded, the starting I-picture in the

) he, ) .
decogiaguaMihéfréshabiasiil DRuR Sedenca B e ddhp-SratNGenddeh4hE 1S
decodBgttee prshadepicurerat amlaykack siasinor Suesitiop.decoding other

pictures following the starting picture in the sequence. Therefore,
when the play-back starts from a picture in the middle of the
gradually-refreshed still picture sequence, the picture at the
play-back starting position is decoded by sequentially decoding the
starting picture and pictures following the starting pictUre in the
sequence. As described above, the complete still picture sequence
and the gradually-refreshed still picture sequence need different
processing for the special play-back, for example, when jumping
play-back is performed, or when the high-speed play-back is
changed back to the normal play-back, so that it is necessary to
distinguish these sequences.

Thus the RAU map according to the second variation indicates
a sequence regarding still pictures in the RAU and also indicates
whether the sequence is a complete still picture sequence or a
gradually-refreshed still picture sequence. Then the picture
decoding apparatus 100 according to the second variation refers to

" the RAU map thereby easily specifying a picture to be decoded, in

order to perform the decoding processing. As a result, it is possible
to reduce the decoding processing load.
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FIG. 16C is a diagram showing a RAU including another
gradually-refreshed still picture sequence. -35 For example, a RAU map
indicates that the RAU has a structure of the gradually-refreshed still
picture sequence by indicating a picture type of each picture included in
the RAU as shown in FIG. 9D. The gradually-refreshed still picture
sequence 5 shown in FIG. 16C has a structure of a I-picture at the
begining of the RAU, two P-picture following the I-picture (following

piﬁt}tf-?.s)k6%‘153@'W?Aiﬁ/rgfﬁ@qﬂ?ﬂnm@%eﬁmmhl@ding the complete
gradually-refreshed still picture sequence, every time the two P-picture
still pifd wEBoARE B GEntially, image quality of the picture which is a decoded

repyit taQiHReHI@Itng IRigtyrerisdmpionadAkthen e ¥hagempdintias a
maintained by the Skipped pictures. Therefore, when play-back isg?,imeto{ng 3

structy sgarofolihéons® P Rigkfe i tHe BiHIERy-FEALPRE S IPYicitE 1ca

pictuPEWFRELINdRR R theaisfera deeominarrpparasus I 8% canreasily 1G . 9D.
specify by referring to 15 such a RAU map, as pictures to be decodﬁd, the

statingafaERrd e PECHHE AFGRIUIARRRR httire IQflded aharring to
such SRCR RPIGHES b@é‘ﬁe%@ﬁgﬁ%@r@iﬁﬂd i Pupietuesiropratiicsthe picture

play-back to be started. Furthermore, when play-back is aimed to start
sequénhe demehekifdtld-pietahs iR 1S FFARAIY-RifdINeR &7 fickieBye to be
decodéguence in the RAU, the picture decoding apparatus 100 can easily
specify by referring to such a RAU map, as pictures to be decoded, the
sthft{ing |-gi6tEre Hnd the tW@Qf;ﬂéfhre§m@ﬂﬂén@radﬁallﬁl%wesﬁﬂﬁgﬁﬂ ing a
' t he.se iation has described that the
gradL@%é?ﬁ%@%ﬁﬁﬁ%a%ﬂ?p%?ﬂ%ﬁ% ﬁ]eggjt%g{atraé,'for example, at a be%ning
offtns RXBMd{EHe RABMAp MaPpd BHeatA% thhiehadd& RAU has a

sruc PSR DAPNOR TR et ohopimsriniogtaine by
indicatngiddlePdeinge type of each picture included in the RAU as
shown in FIG. 9D. The gradually-refreshed still picture sequence
shown in FIG. 16B has a structure of a I-picture at the begining of
the RAU and a plurality of P-pictures following to the I-picture
(following pictures). In such a gradually-refreshed still picture
sequence, every time each following P-picture is decoded
sequentially, image quality of the picture which is a decoded result
of the starting I-picture is improved. This means that such a
gradually-refreshed still picture sequence is suitable to improve the
image quality of the still pictures up to the last picture in the RAU.

Therefore, when play-back is aimed to start from some
P-picture in the gradually-refreshed still picture sequence in the RAU,
the picture decoding apparatus 100 can easily specify by referring to
such a RAU map, as a picture to be decoded, the starting I-picture in
the gradually-refreshed still picture sequence and each P-picture
between the I-picture and a P-picture at a play-back starting
position.

FIG. 16C is a diagram showing a RAU including another

gradually-refreshed still picture sequence.
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3o gradually-refreshed still picture sequence, the starting I-picture and
each P-picture between the I-picture and a P-picture at a play-back
starting position are specified as pictures to be decoded, but it is not -36
necessary to specify all pictures as pictures to be decoded. More
especially, it is possible to specify, as pictures to be decoded, only the
starting I-picture or only the starting I-picture and the predetermined

ber of P-pi . In thj . although 5 original i ity of '

o XA Baerdat il Bn | DAIRAES athBtd NEe FAdphas 2
strudounesluesf prosessiepldad invthee ptayback. SedondiEmbedivedueitce by
... 17.is a block diagram showing a picture .coding apparatus ,io accordi
indicgHRg amPa o1 B FRnBIte R e d ol RAY as
showapparatis;200 ccoidirg torthesedende¢ nexddinde stinclpdesuaameteuence

estimation uni , @ motion compensation,unit 202, a subtractor 203, .an
ShOWG B G (AR OO & Bheniotist U 295 Lot e ld 459 of
the mggtotiza@rPuwtcmﬁmdmmsm@rthh@omabtmf@rméﬁfmlun'm%(mcm res),

adder 208, a picture memory 209, a switch 210, a variable  length codin
and GG by Dl PR e BTG el Br e 72 50 Bl A o ifemn ed
still pRhgIator gaili2hid he netipntestimation unt0l-phiteins @ndmadée coded

signal Vin in 20 units of macrgblocks. Then, the motion estimation unijt
Sequ B AllYre PR R R o HEr R e S I iSo A6 SRt sult

of théhepigtiiegNEMeEY 2A9, ianfhdplesieed) imadetitaving ithe mesy eimilaslity is
image to a macroblock indicated by the picture signal Vin. The motion

maintajneddaiki 802 HReRtnBEL Wison vector MV 25 which indicates a
logatiopeFifie, Imaer aAndRHipUtShe VECtariM\e dThemetightestiationso me

unit 201 outputs a reference picture specification information Ind which

P-piCiiHigatBsth etRRY pltYareiiaShetoell! RIS asBQUROadanthe RAU,
the pue@i®eMMcoding apparatus 100 can easily specify by referring to

such a RAU map, as pictures to be decoded, the starting I-picture in
the graduai[y—refreshed still picture sequence and each P-picture
between the I-picture and a Fﬁpicture from which the play-back to
be started. Furthermore, when play-back is aimed to start from
some 'Skipped-picture in the graduaily-refreshed stili picturé
sequence in the RAU, the picture decoding apparatus 100 can easily
specify by referring to such a RAU map, as pictures to be decoded,
the starting I-picture and the two P-pictures in the
gradually-refreshed still picture sequence.

Note that the second variation has described that the above
RAU map is positioned in a stream, for example, at a begining of the
RAU, but the RAU map may be stored in a time map of management
information or the like. _ .

Note also that the second variation has described that when
play-back is aimed to start from some picture in the middle of the
gradually-refreshed still picture sequence, the starting I-picture and
each P-picture between the I-picture and a P-picture at a play-back
starting position are specified as pictures to be decoded, but it is not
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The motion compensation unit 202 retrieves the image which 30 is
indicated by the motion vector MV, from the decoded pictures which are
stored in the picture memory 209 and indicated by the reference picture
specification information Ind, and outputs the 37 image as a predicted
picture. The picture prediction structure determination unit 212
determines, based on a RAU start picture Uin, that a picture to be coded
is at a RAU start position, then instructs, using a picture type 5 Pt, the

motion estimation.unit 801. tion Gqup i j co
ne Cef’l?\?errypigéj rgé][%%%?ﬁ%) %Shﬁe %Igt?ﬁét %gs raggra?rjﬂdom |y%§2§§s§i%:i ﬁcﬁ%ﬁggﬁd Wrore
es petiehsyr, instiscrsaheitdgable siegif vodifighikitelasoeodetsepietes, only
type Pt More ifically,. th ictign, st tefminati ni
the gpfgélﬁensga p?c?’t?r%gl%ﬁgpe{? Ilfof%@g‘}?_rj\p%ﬁ%pi%ﬁg&lﬁctﬁyé&giﬁreé,%sz the
pred Stéppadrmcture L on ey likef foP eptEEpic@se to BE cdddd whhds indhifa gh
. _.inthe_picture si iNeT. t in pi S it
orig i e L T S e & iclemi betuac i Podion
cannpictbie astsignald/intang thehHaleddpiere Can® HRERAS thE dffarnigaithe
a “ﬁéth orthogonal transformation unit 204. The orthogonal transformation
play 4 transforms the differential into a frequency coefficient, and
outses thedr&qudémyicoefiitlent into the quantization unit 205. The

q izatign. unit 205 quanti e r c icie ¢hi

TR b e g T o e S e dparatus
accordsnitngogubatizatiom datie Qo dito dretvafidile lgngh eoding vanaoen .

The inverse quantization unit 208 i e anti ugntizati

BB e (S et S G e g ity 35 Sl E g becond
emb ediputsribe ireslithgsirequenty Gosffickstt to &tdamversel briBégonag  motion

compyZasiormaton un} 207 The inyersg, aihaponl vansiermayh ik#gonal

transformation unit 204, a quantization unit 205, an inverse
quantization unit 206, an inverse orthogonal transformation unit
207, an adder 208, a picture memory 209, a switch 210, a variable
length coding unit 211, a prediction structure determination unit
212, and an information generation unit 213.

The motion estimation unit 201 obtains an image signal Vin in
units of macroblocks. Then, the motion estimation unit 201
searches decoded pictures (reference pictures) which are stored in
the picture memory 209, and detects an image having the most
similar image to a macroblock indicated by the picture signal Vin.
The motion estimation unit 201 determines a motion vector MV
which indicates a location of the image and outputs the vector MV.
The motion estimation unit 201 outputs a reference picture
specification information Ind which indicates a decoded picture that
has been used to detect the motion vector MV.

The motion compensation unit 202 retrieves the image which
is indicated by the motion vector MV, from the decoded pictures
which are stored in the picture memory 209 and indicated by the
reference picture specification information Ind, and outputs the
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tr_ansformation on the frequency coefficient to be transformed into a pixel
differential, and outputs the pixel differential to the adder 208. 30 The
adder 808 adds the pixel differential with the predicted picture which is
outputted from the motion compensation unit 202, and generates a
glecoded picture. The switch 210 is On when the 38 decoded picture is
instructed to be stored, and the decoded picture is stored into the picture
memory 209. The information generation unit 213 generates a RAU map

imagel\/%sa%,sﬁpé\’ﬁiﬂ@@efﬁ’ifcﬁ@@. 9A to 9D, according to the picture type Pt 5
determined by the prediction structure determination unit 2 %0 nd Wut§12
il

tHhGeneraEdTRAP KA M 86'the Vetiab fendth olfing Uit "211.
deter%ﬂrr'?é).&ls I_Brgjg}g@ogmgaumhml;,pgrf@rms:mriabw tendiha todling diutre to be

quantization value Qc, the picture type Pt, the RAU 1o m g/ll ¢
codednistioh deROUVA N ARE HKA DR 10 bR & ST SR Y Pe
pt, thieSFibEE APeWR; e nishire Apdiamappanatusi2onentimdingdathensation

_ second embodiment differs from the conventjonal, picture codi
unit z&ibérat@@809%1ﬁwat(tHéti‘ﬁféFM‘é{?iHﬁegen(é%if&g nit%ﬁfzﬁ ﬁé\ﬁﬁaﬁdeg.s @

ra ndoﬁgﬁigéﬁgﬁE}W?@aer@g opaatiqne wiish drespartirmethisy thariable

re coding apparatus 200 according to th di e
lengtiFiesiging @mm%kbamgcaﬁ@mﬁs@&ﬁ%ehﬁfi%‘?ﬁye%gf ESfpsirically
the p Pé“gjl'«g{!%hﬁétﬂ?%ﬁ?ﬁéeﬂeif@#ﬁﬂ HBit ik, whiathel or speaifieture tpigture

coded is a starting picture in a RAU (Step S200). Here, if the .
type, detereanum &, haBbtHateheRi Bl rEUE et bﬁc{uﬁé}‘iﬂ‘?ﬁe‘jﬁzﬁl‘}mre'

or th%}r ER&L ?@‘l’ éé&}% HERIFRIe SOINGPSRIUWRIEN perferoiadydisingthe

. e varfable length coding unit 211, initialization 25 processing to generate
picturthesRMUarhafiMI, and obtains an area for storing the RAU map Mlina

usgy datq ofan epftly R Iy dHePthe picture signal Vin and the
predicted picture, then calculates a differential between the picture
signal Vin and the predicted picture, and outputs the differential to
the orthogonal transformation unit 204. The orthogonal
transformation unit 204 transforms the differential into a frequency
coefficient, and outputs the frequency coefficient into the
quantization unit 205. The quantization unit 205 quantizes the
frequency coefficient which s inputted from the orthogonal
transformation unit 204, and outputs the resulting quantization
value Qc into the variable length coding unit 211.

The inverse quantization unit 206 inversely guantizes the
quantization value Qc in order to restore the original frequency
coefficient, and outputs the resulting frequency coefficient to the
inverse orthogonal transformation unit 207. The inverse
orthogonal transformation unit 207 performs inverse-frequency
transformation on the frequency coefficient to be transformed into a
pixel differential, and outputs the pixel differential to the adder 208.
The adder 808 adds the pixel differential with the predicted picture
which is outputted from the motion compensation unit 202, and
generates a decoded picture. The switch 210 is On when the
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S202). Furthermore, the picture coding apparatus 200 determines, by
using the prediction structure determination unit 212, whether or 30 not
the picture to be coded as a Skipped-picture (Step 5204). Here, if the
determination is made that the picture is not a Skipped-picture (NO at
Step 5204), then the picture coding apparatus 200 codes -39 pixel data of
the picture to be coded (Step S206). Then, the picture coding apparatus

200 generates and updates, by the information generation unit 213, a .
decofat) RS UE Laa Brk B Lo fe SR n D A S st i ture
is stoRe8)idtoot Bxampleuite pietune cpdigSpparatus 200 generates the

RAU map Ml as shown in FIG. 9D, in order.t0 include a picture of the

HTHE THER O AbY SESERETIRR, bl GRHELIG WAy gD M1
as sHustuteis afielhdr Bl (EBnes Antiatelikes dbernuictuyet cddirg piafaratusy pe Pt

20Q may also generate, the. RAU map Ml as shown 10 in,FIG. 9C., in er
Gete g e aLE 0 QRIS B Lo R T k212, and
outp Gedith appanairs 209 Agiermings Miatberher viat the leideregdéterotdned; unit

at Step S204 is a last picture in the RAU (Step 5210). In other words, the
211. picture coding apparatus 200 15 determines whether or not the

progassing has lecearpgrioromdi fag allnpictuies pbidio ara sneludiebirethength
~ RAU. Here, if the determination is made that the picture is a Ias{.) ic%re
codingeiat 8516} HR 17 Rt Mttt apPAra BLAHO SRS AnatN € RAU

map $PHes e RAMimanMEtoy nsing dfhrivariablelendin endirg unit géhanste a
writes the RAU 20 map Ml into the area which is obtained at Step S202

strea@iend212). Then, the picture coding apparatus 200 determines whether

orAet thereaie, silll pishiigeto bt progassesheamend pigfurap pratudedin 200
the stream STR (Step 5214). Here, if the determination is made that there

accond il 4 il REGOPOREIRG VS B ST SESHIAN Nt pifemd 1o al
pictufedintianBRERis<8Q iepsals pRaRtienthe information generation unit

213 is included. |
FIG. 18 is a flowchart showing operations which are

performed by the picture coding apparatus 200 according to the
second embodiment.

Firstly, the picture coding apparatus 200 determines, by using
the prediction structure determination unit 212, whether or not a
picture to be coded is a starting picture in a RAU (Step 5200). Here,
if the determination is made that the picture is the starting picture
in the RAU (YES at Step $200), the picture coding apparatus 200
performs, by using the variable length coding unit 211, initialization
processing to generate the RAU map MI, and obtains an area for
storing the RAU map MI in a user data of an entry point layer (Step
5202).

Furthermore, the picture coding apparatus 200 determines,
by using the prediction structure determination unit 212, whether or
not the picture to be coded as a Skipped-picture (Step S204). Here,
if the determination is made that the picture is not a Skipped-picture
(NO at Step S$204), then the picture coding apparatus 200 codes
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from Step S200, and if the determination is made that no picture to be
processed is found (NO at Step 5214), then the picture coding apparatus
200 completes all coding operations. Note that, in a case where the
information regarding the RAU 30 map MI is not known, or a case where
a buffer memory is added in order to buffer data of pictures which are
included in the RAU, itis possible to skip Step 5202. In this case, the
storage area for the -40 RAU map Ml is obtained at Step 5212, and the

pixel HaLIBP W& picish-h dbeyiecicaiaict Saanisorasy aver. Note also

that the picture coding apparatus 200 may generate the stream STR
wHittemelugBs SkpBEdrSictGRe Wh 3 RREY BitUS rakd Phedindiimiier and
updafBLIGINGTERPREARRIRIA ARBWE BYIBrANGHHS REcesRRIRAGHSEIR M1,
size’ of the stream STR by inserting padding data, when coding the
basegi@@r@sr@wmm&iﬂhgfsg@aazﬂﬂaat@tmlerae%%a@qﬁ@@ﬁté &208).
ngled cotnibiEkPRRIMICkRS. CHURERRY, B raRattialolosionoe B es the
picture without consuming time 1o for processing the padding data which
RAU mmgeMdddn $blize Bf the Hata Atharpietife Nete BISHUHS: a Juiglemesty pe
Y, nf io t intl n e
o R ol Oy ek, o P ot (Ao ggting
whethe mtick 43i cburssdbla. Thrédefored if tai e detedntiRgd!Heeto indest tisture

. i t int | ti
codim b S S URTaT S e BY S AT R oS Shown
in FIgy.the Codimg rasthed derofdinl idaha secondi @ntbodin@ht 2ogéiherpighiure

SequgH o data. Examples of the 20 multiplexing method are a method which

is standardized for each packaged media and the like, such as a method
usdirepd tréhspgricdueancpabikeg of HEaVPEG-28/6taie or mnpatket whietther
or nof gﬁff!;;r%fjﬁigu?w-@teﬁ%{ﬁ% Mereuss ESpasiore ol A e in the
RAU (Step S210). In other words, the picture coding apparatus 200
determines whether or not the processing has been performed for all
pictures which are included in the RAU. Here, if the determination
is made that the picture is a last picture (YES at 5210), then the
picture coding apparatus 200 specifies and codes the RAU map MI,
by using the variable length coding unit 211, and writes the RAU
map MI into the area which is obtained at Step S202 (Step $5212).
Then, the picture coding apparatus 200 determines whether
or not there are still pictures to be processed, among pictures
included in the stream STR (Step $214). Here, if the determination
is made that there is still a picture to be processed (YES at Step
S214), then the picture coding apparatus 200 repeats operations
from Step S200, and if the determination is made that no picture to
be processed is found (NO at Step $214), then the picture coding
apparatus 200 completes all coding operations.
Note that, in a case where the information regarding the RAU
map MI is not known, or a case where a buffer memory is added in
order to buffer data of pictures which are included in the RAU, it is

possible to skip Step $202. In this case, the storage area for the
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25 Skipped-picture cannot be identified by the picture type in the picture
layer. Therefore, even if the picture type in the picture layer for each
picture is I-picture, P-picture, B-picture, or Bl-picture, the picture coding
apparatus 200 according to the second embodiment 30 may examine,
based on a size of the picture, whether or not the picture is a

Skipped- picture and if the picture Is a Skipped-picture, then the RAU

MI nerat ndlc t the ure is a .
RAunw%p%d -pic fure: l|g]ﬁ1eans hatDt P%gl,gJ @%ﬂ ﬁﬁ% SIEET lg%F%S stored
in thvbiclszrgdnéented bi;teheptnture«wdtngaa@aratus 200 indicates picture

typ fr C ure cIudln |ctur nth
srm%flg%prr%ll%%am%?e&r‘ralé Brofile &%k Eejgsegrﬁ r[h%yngaerperate
the mofibe hisHEI$O wtpm&srblectkmdrem@{smaeﬁjpmtutejaad,a‘Brﬁtmctareﬂbged bit
the pictur e |nt e |ctu e layer. Therefore ture codin,
At S T Lo A A B8 BTN Blhe e S s Al bYte,
and napsvit abichsiadicdtesa tigysidtuaredigre df tb@@itn@mt&r@ﬂvthjcmme rting
clud d|n the RAU ba ed the turet es Pt |ch e specifie
o 0 e R G bl e TP YT gL DIt rate.
H ertd,etanraarrmdrﬂ z nrgt él]aZaThr&amebes stheéﬂte&ﬂéhm‘yapmewbeettepmtures.
ich |s rat the ictyre ca tus 200 can
Thegioli AR RIS A RA TR Gl F T HH SonEUming time

for [Brtqn@smngotihkze ;Bapzicttmq maewwmn@enﬂseer@dem 9 Biatthef the
dat dl.StIr}%]UIShlb(g of Bi-picture and B-picture increases flexibility to select
a ap'&u E1® e UE€oded and play-backed during the special play-back. 20

In dNestge amquteme ayeeetmeﬁﬁtltlatye possiletthat theo RV inshidgf the
entrp SIS L P AT el pna e Sebence el o
piayhighe, fut;tdjetﬂnfrsrmeemrheﬂelewhejewnsrze the data as much as
possible. Therefore, it can be determined not to insert the padding
data between the sequence layer and the entry point layer.

It is also possible to muitiplex and record the stream STR
which is generated by the coding method according to the second
embodiment, together with audio data. Examples of. the
multiplexing method are a method which is standardized for each
packaged media and the like, such as a method using a transport
stream packet of the MPEG-2 system or a packet which is defined in
Blu-ray Disc (BD).

Moreover, in the simpie profile and the main profile,
Skipped-picture cannot be identified by the picture type in the
picture layer.

Therefore, even if the picture type in the picture layer for

each picture is I-picture, P-picture, B-picture, or Bl-picture, the

picture coding apparatus 200 according to the second embodiment
may examine, based on a size of the picture, whether or not the
picture is a Skipped-picture, and if the picture is a Skipped-picture,
then the RAU map MI may be generated to indicate that the picture
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RAU map MI. 25 In the special play-back, it is important to specify a
picture to be decoded and to efficiently access such picture. Therefore,
the RAU map MI may indicate address information regarding each
picture. Here, the address information may be information regarding a
byte position counted from the beginning of the RAU or 30 information to
specify a packet in which each picture is stored when the coded data is
packetized by a transport stream packet, and the like. Note that the
is aadigssdefopnatinremaytie adegdanns fonalt -8 @iquxes, byspnldrin the
pictures to be decoded during the special play-back, such as I-pictures or
StreamiG bR BlahafodS TFHE G IHS Gy AS AIRbR PParatus 200

indicaHieRed-pirtute-& acepgsing to 8re secosg embedimeptidnihesecantiuding
_ embodiment, a Skipped-picture is generated to be a P-picture which ha?,l
SKipERcAETHKERadEY B bR eR LD BRURS GhHeaELT) BSroRPiE ProTile.

Skinnedpikie iBlerodingzpsder; Therebive thegkippest-pittere danniet also
_ be used instead of a B picture. io Thus, the variigjgn of the si%gnd .
im pagabelintentiEiieatdsthe BrBiddipiefiRfad £B Rl Grith [fopicture

ty pePigdieieddTer Ay aer. pictures, and as a picture having the same pixel
data as a picture that is the reference picture immediately before the

skippeagiietifte R RBHEAHERIGOHEIEARER Fékhe LRGSS BRI to the

se coPiRUEsh YiRier e speglcadlya e theryasiaion of fhe seeand wmRadimenicates
by newly introducing the B-skip picture, it is possible to form a GOP
pictuifudRe SsDE 85 RBIctYE BIGEUIRS Bt apShiticld defictirdhe RAU,

RIFYise Ry RiEtWe. Brpete, RRicH 8re optichrizoBynamtiHgtd dhing a
bas%ngg_g standa_rﬁfﬁso that IP play-back ?_s?ﬁpl)%cial igsglz?/-back %Ertﬂ . g
B- pighay®athihg dbly Pisittiresiind PepRigdigtidam s ratSiy e fhigdg imthaation
unit %Et%f e Sﬁ%@'ﬁ%%@%@%‘% R ADAARD 198 e SAPRIEHIBWRCR hich

e B-ski
is generateg by the picture coding apparatus 200 can distinguish
B-pictures and Bl-pictures, even in the main profile. The BI-picture,
not like B-picture, can be independently decoded, so that the
distinguishing of Bi-picture and B-picture increases flexibility to
sefect pictures to be decoded and play-backed during the special
play-back.

In a case a sequence layer is present, it is possible that the
RAU include the sequence layer, for example, by always adding the
sequence layer to the entry point layer. Further, the user data in

the entry point layer may inciude further information besides the
RAU map MI.

In the special play-back, it is important to specify a picture to
be decoded and to efficiently access such picture. Therefore, the
RAU map MI may indicate address information regarding each
picture. Here, the address information may be information
regarding a byte position counted from the beginning of the RAU or
information to specify a packet in which each picture is stored when
the coded data is packetized by a transport stream packet, and the
like. Note that the address information may be added, not for all .
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pictures are used. Note that, in FIGS. 19A and 19B, "I, "B", "P" and
"B-skip" which are included in codes "12", "B0", "P5" and 25 "B-skip6" and
the like, represent picture types of respective pictures, and numerals
which are added to the picture types indicate a display order. Note that, in
FIG. 19A, the pictures in the RAU are arranged in decoding order, and in
FIG. 198, the pictures in the RAU are arranged in display order. A picture
B-skip6 and a picture B-skip7 30 are predicted from only a picture P5

pictupdich s i refangnag pichira imsredigtahebeferedhe gickuresng digpays pecial
order, and not predicted from a picture P8. The picture coding apparatus
play-Frkecsitity 8 laPirEWEFRaIBh 6F RKLEESTd embodiment generates a
stregry $dRohaving the RAU shown in FIG. 19A and 19B. Here, whether
or_not a picture is a B-skip picture is indicated by a pictgre éyp_e in the
a

RAD ghapMowWinde 5t HARE Sevéh ifYRE 8 t5REured KR piplcture

acco@@%'{%%%%@é@*ﬁhp%@dﬂ?m\@ﬁﬁh is included in a picture layer of
the picture is a B-picture. Therefore, such a stream STR can maintain

cotpkliBilfE AR $he RBIRAHIGHAF sPear RB RSkt fife ‘SolGEHEEALE D tO
be a PERPEEN MG ICRNARAPRY Z8aRecRAY eNaialvl eantiReat B Pesidt picture

picture as a 10 B-Elcture, and perform special play-back. Note that the

imm grbfake nyRe FRAR iRDR SMIHRBRTIGIMS Petlfe R BOsRIFASEUre! REEEDY,
the SHSAPesciBle to senesAR SiBr¥ip CiUR A2 fiErra Whiphidhas&ne

same pixel data of a reference picture immediately before the B-skip

piditresin Bl BHABIOM 0F $héh 8QeRBArRRRDOMALN AL NRIRERS the
skipppihsrhe B-skin pickie [Sresdisied oM G pesRNee @S any other

iImmediately before the" B-skip picture or a reference picture immediately
pictusass tae 8-a8papRiGEaITa dishiap Brdbe (SRIF ErRrbsaindalng A gidifdure
that [<eEREING ARRARINS ANt Ed  orBRadimentefelsi ol AYicture

map indicating Bl-pictures, and thereby )
in display order {hereinafter, referred to as a B-skip picture). More
specifically, in the variation of the second embodiment, by newly
introducing the B-skip picture, it is possible to form a GOP structure,
such as I-picture, B-picture, B-picture, P-picture, B-picture,.
B-picture, P-picture, B-picture, B-picture, ..., which is commonly
used in the MPEG-2 standard, so that IP play-back (special
play-back for play-backing only I-pictures and P-pictures) can be
easily realized in the picture decoding apparatus.

FIGS. 19A and 19B show examples in which the B—skip
pictures are used. Note that, in FIGS. 19A and 198B, "I", "B", "P"
and "B-skip” which are included in codes "I2", "B0", "P5" and
"B-skip6" and the like, represent picture types of respective pictures,
and numerals which are added to the picture types indicate a display
order. Note that, in FIG. 19A, the pictures in the RAU are arranged
in decoding order, and in FIG. 19B, the pictures in the RAU are
arranged in display order. A picture B-skip6 and a picture B-skip7
are predicted from only a picture P5 which is a reference picture
immediately before the pictures in display order, and not predicted
from a picture P8. The picture coding apparatus 200 according to
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determines whether or not there are one or more Bl-pictures to be
positioned in display order immediately before the starting I-picture in an
open GOP type RAU. If the determination is made that one or 25 more
Bl-pictures are to be positioned immediately before the starting I-picture,
the picture decoding apparatus starts decoding from the first picture of
the Bl-pictures. Here, in the third embodiment, the starting I-picture is a
picture positioned in decoding order at the beginning of the RAU and 30

the @ P&RRsHiIoned indisplay aeres aspbe fivst hpiciap dtthe RAU stream STR

Moreover, the re-ordered picture is a picturebﬁgsitioned in decoding order

havingetice RAHIrg LIS i le- RAUAbafte dedfositioned in -44 display
orges hefoperbersiating rpichirgi furthermeren thek iBl-pietuie dsia pistieated

having characteristics of a B-picture and a_I-pi re-ordering of the

t -
by 2 BGHORFARPARIL OF P ALLTRAD Moo R \Ford SERcER: e if the
pictu}?@lfpigu_ée bas he Bopiature> @qm@ﬁri%icsﬁ'whmh therRltgiggi ure type

ollows in decoding order a |- or P-picture although the Bl-picture

whicprdéedias i @I o i L r BYSiENRE, HAE tREDREGe' s Aot Picture.
Ther&isrence pigiure fonethen Eigtresaln Addivam ithedBlrpistmiasihaith the

I-picture characteristics in which all macroblocks are intra-coded and the

conveditnre ldeésapitefePid BAY ANEDIERRSOMYRBLENAIaf C4@dREy hich
cannpofieangdihedke, p Rigtusedpyan of dam Blrigturere the StieppiSlir 628 s a

include picture type information which indicates that a picture of the layer
B- pictwr Bl-pididrd aH@ folo®pRcdas pilies 1a @ird embodiment in more

gj%qtel%ﬁg%fecﬁ@ MARFLCRTAYPEANd 3slpsed SQRHYRRH R not a

according to the VC-1 as well as the MPEG-2 standard. The open
pictucD Bty BRI s RIRMIth whiktHS ple@re ARsi PRAR apResim a B-skip

oo S I s e BT (ot ince
pictuapitrom rddad 8hy Bgfieretin thBsaliP RACtWReithatisplay order. In
such a case, the RAU map MI may indicate whether the B-skip
picture is predicted from a reference picture immediately before the
B-skip picture or a reference picture immediately after the B-skip
picture, in display order.

(Third Embodiment)

A picture decoding apparatus according to the third
embodiment refers to a RAU map indicating Bl-pictures, and thereby
determines whether or not there are one or more BI-pictures to be
positioned in display order immediately before the starting I-picture
in an open GOP type RAU. If the determination is made that one or
more BI-pictures are to be positioned immediately before the
starting I-picture, the picture decoding apparatus starts decoding
from the first picture of the BI-pictures.

Here, in the third embodiment, the starting I-picture is a
picture positioned in decoding order at the beginning of the RAU and
to be positioned in display order as the first I-picture in the RAU.
Moreover, the re-ordered picture is a picture positioned in decoding
order after the starting I-picture in the RAU but to be positioned in
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it is possible, by using a flag at an Entry-point level or database for
special play-back outside of the stream, to determine whether the RAU is
the open GOP type or the closed GOP type. Here, when jumping
play-back is performed from the 25 beginning of the open GOP type
RAU, if there is a B-picture positioned in decoding order after a starting
picture (I-picture) in the RAU but to be positioned in display order before

. __the starti plct e (I-picture) icture is ot able to rtoa |cture
d'SP{ﬁVaan r’ﬂﬁ?edg? Eé Eﬁ% U{ereﬁ-t ﬁ,&%, sorr eﬁ 3‘69
BI- pnmmselhlgt@dﬁmdﬂ*mélawpngjrehﬁmetwelﬂhﬁﬁ pif:tareas;mmture and a
ecode durln the um lay n the oth r hand, even when
I- p’ﬁ%ﬁﬁnf perafz) klsg4§¥;%ﬁgrm§g %?%t'ﬁg bé& nlﬁgo thg op]gn%glyre is
necetypa iRAU, if Memlssa&ﬂﬁlmrb/posmenm wpdetadngma@ertﬁfter Beicture
rting picture (I- in but t osmon |n djsplay.o
Char Sk S SR DO B B RS e IANTS K adeas S depodsr = 1
or P-Hwdthout referangdo amwoﬂiermuures sodbaidbe pia)dtzauleqamsiar_:t the I-
from tFe Bl-picture, The follg| Eﬁg describes in d tail an examele in \?/hlch
or other

or PBIEHE 5@7*&%’19 b@ﬁoﬁﬂ% n'ﬁis%% Brder l?gfgféctﬂepsjt%
plci:drl@gture in the oped GEBriype BAéJ 1RIFIG c20Ads aha)splamat@ry I-picture

lagram showing th p icture. For e ple
chorfi BERh ol DHHP L BaP S AECO RS C ke it o BRBoIRRE, Shd the
p:cttig@f?ﬁ@@bdlthﬂpa@féhytbacgrgy d@@n@mg @rdmétmesstartmga H@@u&g inin an

Isplay order in e RAU IS 15 decode ture, an
a0VaRER AHAGOLG e T Lk ) At L8R VS haTinEh G IpBLL HEe in the
streSAPVETIR FiGn2GAcNIRie sphreitinalytiise pieiees AesBiding anpatatuddicates

performs the hlg? -speed play-back by decoding only each starting

fi

that Iapfafﬁlté’fhetﬁéf Berd Pfeh ~nBsPARR ! ERYRGng the high-speed
playHads hacktodheaxrmpliayHkatkird embodiment in more detail.

There are an open GOP type and a closed GOP type in the RAU
according to the VC-1 as well as the MPEG-2 standard. The open
GOP type RAU is a RAU in which a picture may refer to a picture in
another RAU positioned in decoding order immediately before the
current RAU. On the other hand, the closed GOP type RAU is a RAU
in which a picture refers only a picture in the same RAU. Note that
it is possible, by using a flag at an Entry-point level or database for
special play-back outside of the stream, to determine whether the
RAU is the open GOP type or the closed GOP type.

Here, when jumping play-back is performed from the
beginning of the open GOP type RAU, if there is a B-picture
positioned in decoding order after a starting picture (I-picture) in
the RAU but to be positioned in display order before the starting
picture (I-picture), the B-picture is not able to refer to a picture in
another RAU immediately before the current RAU, so that it is
impossible to decode the B-picture. Therefore, the B-picture is not
decoded during the jumping play-back.

On the other hand, even when jumping play-back is
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20 from the tenth RAU in FIG. 20A. Here, even if the tenth RAU is an
open GOP type RAU, pictures positioned in the display order before the
I-picture that is the first picture in decoding order are Bl-pictures, so that
the picture decoding apparatus can start the play-back from a starting
picture in 25 the tenth RAU (the first Bl-picture in display order). As
described above, by setting as Bl-pictures, the re-ordered pictures to be
displayed before the starting I-picture in the open GOP type RAU, it is

pe reinsiPe iR FRafiRe %@g%h‘rggf?'gﬁ tam e chio-oreed plagpackipthere is

normal play-back. G. is an explanatory diagram showing another
a BI-jpinbinge pRESHEHAN@ShEBASERMANBoPELSHH L8 dhfivittiA HiaGcture
(1- pidR GRAURAGrRIGE apdt 48 BRI-pistIeGIe Benyeatiayayositorad efore
display order before a starting |-picture, Here, the B-picture is not able to
the sba DGty theP Kiatigpl & Btk (BHE fihpifey Biaiﬁb%%lg??o ecoded
' IR 5l RiGEg refRrepaspicibre ireanptherR&dback can
W'thﬁ?nrggigglﬁ}% f(}tgt?lﬁg%urrent RAU, so that the picture decogi?ngtl
startdpparattiBedhldBrFRiRg- that the display should start from the Bl-picture.
Fle, 20G n ipgram; showing:still apothet dmngin - which
plilﬁt%agﬁ@gﬁr}aﬁg@gic?ﬁg% For elxample, as shown in FIHGfggOC, ina

BI- piRiAW &5 Brmctordana o Bipio@ek ireldsql@miand soshe et bR ptag rting

_I—picl%l%%er ﬁffgﬁ%ao%téﬁiqgéepi%%% IR ghis case, the Bl-picture is surely able

coded, but the B-picture following the Bl-picture would not be .
abifd €. be A décctied CRIRAIGHED Mthél RAAS & BOEHE Higisiumping
_pasiti in display between a Bl-picture as the first picture and a
play E{ogsr#tl!r?gf %p%u?e?t%}gt%{sg&%e'ﬁrst picture in decoding order, the picture ‘
decoding appaleustanpietawmirtaratitaiBpRg Hhbufd 2659 ey to the

third embodiment performs high-speed play-back by decoding only
the starting I-picture in display order in each RAU and displaying the
decoded picture, and then changes the high-speed play-back back
to normal play-back, as shown in FIG. 20A. More specifically, the
picture decoding apparatus performs the high-speed play-back by
decoding only each starting I-picture in the first to ninth RAUs, and
changing the high-speed play-back back to the normal play-back
from the tenth RAU in FIG. 20A.

Here, even if the tenth RAU is an open GOP type RAU, pictures
positioned in the display order before the I-picture that is the first
picture in decoding order are BI-pictures, so that the picture
decoding apparatus can start the play-back from a starting picture in
the tenth RAU (the first BI-picture in display order).

As described above, by setting as BI-pictures, the re-ordered
pictures to be displayed before the starting I-picture in the open
GOP type RAU, it is possible to realize smooth change from the
high-speed play-back to the normal play-back.

FI1G. 20B is an explanatory diagram showing another jumping

play-back using BlI-picture.
For example, as shown in FIG. 20B, in a RAU, a B-picture and
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the I-picture. 20 The picture decoding apparatus according to the third
embodiment refers to a RAU map Mla to smoothly perform the above
special play-back. The RAU map Mla is stored in the user data in the
RAU as shown in FIG. 8 according to the first embodiment. Note that
syntax of the RAU map Mla according to the third 25 embodiment has the
same structure of the syntax according to the first embodiment shown in
FIG. 9D. More specifically, the RAU map Mla includes information of

a BI/piRere Of ickisef KR ﬁ\f] RSLierstHeciITs BBV e PR before a

picture-type incidates to which picture type each picture in decoding order
startip ¢hd WAL 96%elongs: an I-picture, a P-picture, a B-picture, or a

Blrpigtare.Heatds gha AL raap Massrerding fethe Suhrmbosliirgely the
indicates whether or not there is one or more consecutive - 47

specigl-flaved pekiibHag itiRpH LR Ymhiteiatdp betord thel elarkig ce the
B- pictRieturarey- ingisating e DietUi tipreheach RICIULS i S8Gding Y85 I the

the RAU. Therefore, when jumping play-back is performed from the 5

curregfeR SldpsppERAU NRecttreede &5dil RPpaRpaE ates didgitslglermine

that tRiEd @rapedimenicrarneaslydeteiming Bogy which pigture the play-back
should start, by referring to the RAU map Mla stored in the RAU. As a
reklfe-thé Pretlfe dtoBmp!aptans aﬁaﬁam@tosh@\mm embjbdimeather

um thiy pergeHhedy mpirg play-back io as shown in FIGS. 20A to
) pg?)% No!e that, in the ttr?ird enrm)odiment, the RAU map Mla includes

picRIr)BENRIG maton Ye¥ehding Bicturd8 tn decadiydrdeitds pigdwnénand
a B—d;l&u?@ AYEMay REIES RIFYES BYPRy IR mﬁ%ioﬂkéeﬁgé G- ASES e a

“display order. Moreover, in the RAU map Mla, 15t Icture type
startipngAnBiehyEgarding the pictures or the like can include information

;ng:hg%ﬁ?gg gich ﬁgﬁgggigﬁ@ e Upigmaioe it Behi 0aREYd" but
the B-picture following the BI-picture would not be able to be
decoded. Therefore, if the RAU has a B-picture that is positioned in
display order between a BI-picture as the first picture and a starting
I-picture that is the first picture in decoding order, the picture
decoding apparatus can determine that the display should start from
the I-picture.

The picture decoding apparatus according to the third
embodiment refers to a RAU map MIa to smoothly perform the above
special play-back. The RAU map Mla is stored in the user data in
the RAU as shown in FIG. 8 according to the first embodiment.

Note that syntax of the RAU map Mla according to the third
embodiment has the same structure of the syntax according to the
first embodiment shown in FIG. 9D. More specifically, the RAU map
Mla includes information of number_of_pictures_in_EPS,
picture_structure, and picture_type. picture_type incidates to
which picture type each picture in decoding order in the RAU
belongs: an I-picture, a P-picture, a B-picture, or a Bl-picture.

That is, the RAU map MIla according to the third embodiment
indicates whether or not there is one or more consecutive
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FIG. 21 is a diagram showing another example of syntax of the RAU map
Mla according to the third embodiment. 20 The syntax of this RAU map
Mla indicates using independent_decodable_flag whether a Bl-picture is
positioned in display order immediately before the starting I-picture in the
RAU. Furthermore, when independent_decodable_flag is 1, in other
words, when the Bl-picture is positioned in display order immediately 25
before the starting I-picture, the syntax indicates the number of

BI-plRAIFRSYILBItiIcHERS Rasitared ipmedisialy hefaie the stiingefore the

I-picture, using num_decodable_pictures. When jumping play-back is )
startppgolmatf Hohe ihdPpéR GEH BPBeRRILIHEDIRUREISLoFAG ApPaFaiiES TN

decoﬂ‘?ﬁ?j%@t@ﬁ thid B@embodiment refers to the RAU map Mla stored
in the RAU. Then the picture decoding apparatus determines whether

indepBRAEAT HedtBEle Y HOGIRIFY RAGLhals Mg ardpssto @ the
opentlRESistEypnatiRYistRadgithal iedgpendsnlg_denodrblaidlatisokdiReNto the

the picture decoding apparatus further specifies the number of pictures

thirdingiedpbamt_ d@0d88 bictd@tentiingd i e RAD hhpNfhae the
play-1B8 SKNpRS Qf NS GonSeEf VR PISIHIRS (SANBREUIVA D HBBERI@Ndtored in

performs play-back from a Bl-picture which is positioned in display order

the Rofylthe oBAsaciBve Hunithe iRiFdagiche GedbrRaneRRaRfingYpiekrending to

the tR'E EAYH AN ELRICHES ém%@ﬁw%@fﬂfﬁﬁmﬁ@g@ﬂa'wwgsé'&e back
picture co%rg apparatus performs play-back from the Bl-picture. On the

as shomenidh ﬁth%ﬁb“at@a%ﬁality of consecutive Bl pictures
'mf\]ﬁ?éaiﬂﬁét?‘?bwrgw@ecﬁ‘i'ﬁ‘ﬁ'%ﬁt‘?&%&ﬁ%ﬂ%r@ﬁ@' PRI Cludes
perfo ay-

rms p ack from the first picture of the consecutive El-pictures.
pictuKetd v the RAD BEP M 4eaA Hé BOréd GhWERS dila GEEQEYBEdIFERRAE as

from,an ety peiRt layer: fargxampleinteser ek ofelxissStailingrmation
Show&cﬁfr% iﬁ;ﬁé Ig,%q.' Note also?rﬁt when there E no BJ-pic'HFe in the FERnU |
regandgrpietessdn) fodisaia e Ry mdpwmrover, in the RAU map Mla,

the picture type information regarding the pictures or the like can
include information indicating in which order the picture type
information is stored, namely in decoding order or in display order.

FIG. 21 is a diagram showing another example of syntax of
the RAU map Mla according to the third embodiment.

The syntax of this RAU map Mla indicates using
independent_decodable_flag whether a Bl-picture is positioned in
displéy order immediately before the starting I-picture in the RAU.
Furthermore, when independent_decodable_flag is 1, in other words,
when the BI-picture is positioned in display order immediately
before the starting I-picture, the syntax indicates the number of
consecutive Bl-pictures positioned immediately before the starting
I-picture, using num_decodable_pictures.

When jumping play-back is performed from the open GOP
type RAU, the picture decoding apparatus according to the third
embodiment refers to the RAU map Mla stored in the RAU. Then
the picture decoding apparatus determines whether
independent_decodable_flag included in RAU map Mla is 1 or zero.
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In such a case, existence of the RAU map Mla can be used to indicate
whether or not the RAU has any Bl-pictures immediately before the
starting I-picture. 20 FIG. 22 is a block diagram showing the picture
decoding apparatus 300 according to the third embodiment. The picture
decoding apparatus 300 according to the third embodiment includes a
variable length decoding unit 301, a picture memory 302, a motion

R e e T )

then uhie3pTs tureddercselira) strgaar aktradiiorn bieit 309 aifdes BHeformatioar of
. tain ' . This.picture ding apparatus 300 differs. from th

Pt e, P RS R R TR R

map eMtactioh tihie 309 emdethe @] irferncatioreahtaiveepl onitrzd) doo rededitive

Yhe Bl inf i0 tajnment unit 31.0 obtains frgm the, variable, . .
num%ﬁ' h dﬁ:@&i%@ﬁﬁ?é}a?lggrggg\{{/%g%#oflr%gtlrgn ér %E’éﬁﬁa "ﬁheﬁﬁQH%‘“ 1S
positRAem be déesptiey isapen BO Phgpean sioseti VeORLspb elf the grediately

oo P e M

rmation ob
imm eldimdity uhie80ta RAE nsip Miagf thepRAW te pe degodeitture coding
F
appa ra

e TR SR P B AR Bl cther
handpldytbaniesack as plopaigtplayfasksEaenithe Blinformaties iohiaiaaRtely
weror R O B A R T S idms
play- ek deentediaad displpieduFor ekampleomencthe geoWI PR tures.

R e Bk s g g ndiey et MR RARE, of o
layer different from an entry point layer, for example, in user data of
the starting picture in the RAU. Note also that when there is no
Bl-picture in the RAU, it is not necessary to create the RAU map Mla.
In such a case, existence of the RAU map MIa can be used to indicate
whether or not the RAU has any Bl-pictures immediately before the
starting I-picture.

FIG. 22 is a block diagram showing the picture decoding
apparatus 300 according to the third embodiment.

The picture decoding apparatus 300 according to the third
embodiment includes a variable length decoding unit 301, a picture
memory 302, a motion compensation unit 303, an inverse
quantization unit 304, an inverse orthogonal transformation unit
305, and a buffer memory 306, a display unit '307, an adder 308, a
stream extraction unit 309, and a BI information obtainment unit
310.

This picture decoding apparatus 300 differs from the
conventional picture decoding apparatus 900 in that the stream
extraction unit 309 and the BI information obtainment unit 310 are

added.
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information obtainment unit 310 specifies, as the pictures to be decoded
and displayed, all pictures in the RAU to be decoded. On the other hand,
when the group type information GT of the RAU to be decoded indicates
that the RAU is open GOP type, the Bl 20 information obtainment unit
310 specifies the pictures to be decoded and displayed based on the
RAU map Mla. For example, when RAU map Mla has the syntax shown in
FIG. 21, the Bl information obtainment unit 310 determines based on

indepengdent decodakle flag miathel o nothrre M@orHeBMEeZbm the

consecutive Bl-pictures immediately in display order before the startin
variablctianigthe ARCQE 'Mplédf-‘b‘écl%e@llf HEC HB erhiR&tioH? %%@Eﬂﬁ%ﬂ GT

indicARRi HiYSPreR I PIRING tBepéha & dataamationeffainaertuné $0closed
specifies based on num_decodable pictures a play-back stargcRostltﬁ_?é RAU
GOP wpoly the Hhe 35 BRpidvREIA ISR AR GhahicARRene

is opfgiermnationismade thatibersising sHsher Birpicirea thendhe Binit 310
information obtainment unit 310 specifies the starting |-picture in;;[% RA
furthes osuaiepldy BRLK BarEIdRBIE AR HAAE GHING-RUAL Athh M AU

map "REDesyNERShauin FC. 9. the & ddermatignaliasimentunit 8h@  BI
determines based on picture type for each picture in the RAU whether o

informattieee Ao BONEGHort BHnseclitlveBtgitiired hBSRot&Ein ipRIFE @
p!ay~BF§iaf'b immesliatelybeforerige $iaring drigltiiedn BeY wbethe special
play-

acked. If the"determination is made that there is such a_Bl-picture,
play- tizakhe BCinferenatom pbtdnrdayaRie Sko splbifids dbe Jiy-BHarepgtion

obtaiﬁ?ﬁiéiﬂ@ t@ﬁif&r?%’%ﬁﬁ]ﬁi%‘gi%@y'@mrﬂﬂggﬂﬂg'%lr'\-dfih% group type

etermination Is made there is .no such a Bl-picture, then the Bl

inforrntdrinatiofs Sbriamedt Wit 310&pddiaYs B3 ke pldsack K& hodittbn and
specfJES PRI, Sussadineo meneae,
sdlecte¥8 mpiturehen the group type information GT of the RAU

to be decoded indicates that the RAU is closed GOP type, the BI
information obtainment unit 310 specifies, as the pictures to be
decoded and displayed, all pictures in the RAU to be decoded.

On the other hand, when the group type information GT of the
RAU to be decoded indicates that the RAU is open GOP type, the BI
information obtainment unit 310 specifies the pictures to be
decoded and displayed based on the RAU map Mla.

For example, when RAU map Mla has the syntax shown in FIG.
21, the BI information obtainment unit 310 determines based on
independent_decodable_flag whether or not there are one or more
consecutive BIl-pictures immediately in display order before the
starting I-picture in the RAU to be play-backed. If the
determination is made that there is such a Bl-picture, then the Bl
information obtainment  unit 310 specifies based on
num_decodable_pictures a play-back start position, namely the first
BI-picture in display order in the RAU. If the determination is made
that there is no such a Bl-picture, then the BI information

obtainment unit 310 specifies the starting I-picture in the RAU as
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15 to be decoded and displayed, pictures existing in display order from the
play-back start position, among pictures in the RAU from which the
jumping play-back indicated by the play-back mode signal TM is
performed. Then, the Bl information obtainment unit 310 outputs a 20
decoding picture instruction signal SP indicating the above results to the
stream extraction unit 309. After obtaining the stream STR, the stream
extraction unit 309 firstly detects, for each RAU, a coded entry point

the peadepand aRAY Haf tyda positioned at the beginning of the RAU, and
uts 25 those data to the variable length decoding unit 301. After

out .
DB e REB AN BEGRS R B AASPAaHiB S ikgdkshown in
F1G.from the, Bl BYoinfation sHEiNBerhinidetbased gnbed BAH mapddlbased
the stream extraction unit 309 extracts, fror%r\g shrgearg STR, data of the
ON PHtHFES fo/PE dEoBEE WIRERTAHES HA HtEa30 B iBES g PRidraere are
one ipstryelinnesignal SFEANY OUBLLE theudale (9dkervarialle ianailsgeegding der
unjt 301, When the variable length decoding, unit 301 obtains the coded

immesdighgVpoefREBertdEl RAG hvid I HE strfam & gradlibbunfo  be

piay 308 cibeyarialefgagii secaginga i R0lsperfams varableHerathis such a
decoding on the coded entry point header and RAU map Mla. Then the

BI-pigkiabie EAgth Hagdah g URE AR AL tREYREP type s A bhiippiEes as

~ a playjrieddn tbeLlecaeetediyp@intirgader-pitha B NOEMAYRROBIHRPEN the

unit 310. Moreover, the variable length decoding unit 301 outputs the
RAU decdded RAUGRAS MITNG HRMBI ImfdiaiiBn EBeinkBRTEnit 310 répheh @

BI-pie@iequestirorh e Bl {pfmaten pRBiremaR: Bt 34 tFatitesp8Ries as

the variable length io decoding unit 301 obtains, from the stream
the rlacaas kit 305, RS 5kA diffe Piatddwhie @ iRcliéh & U
strageep 6 e ryigPledengiadeqosling Wik 3P1mesinies vadaiescribed
length decoding on the data, and outputs a quantization value Qc, a
abov,%fg;gﬁcgﬂ information obtainment unit 310 selects, as a picture

to be decoded and displayed, pictures existing in display order from

the play-back start position, among pictures in the RAU from which

the jumping play-back indicated by the play-back mode signal TM is

performed.
Then, the Bl information obtainment unit 310 outputs a

decoding picture instruction signal SP indicating the above results to
the stream extraction unit 309.

After obtaining the stream STR, the stream extraction unit
3009 firstly detects, for each RAU, a coded entry point header and a
RAU map Mla positioned at the beginning of the RAU, and outputs
those data to the variable length decoding unit 301.  After
obtaining the decoding picture instruction signal SP which is
outputted from the BI information obtainment unit 310 based on the
RAU map Mla, the stream extraction unit 309 extracts, from the
stream STR, data of the pictures to be decoded which are indicated
by the decoding picture instruction signal SP, and outputs the data

to the variable length decoding unit 301.
When the variable length decoding unit 301 obtains the coded

-51-



10

15

20

25

30

picture specification information Ind, a picture type Pt, and a motion 15
vector MV. The motion compensation unit 303 retrieves an image area
which is indicated by the motion vector MV, from the decoded picture
(reference picture) which is stored in the picture memory 302 and
indicated by the reference picture specification information Ind, and 20
outputs the image area as a predicted image to the adder 308. The

4 inver antlz the %uantlzatlg e%lue

¢ nverseE qua (ézation ¢ ¢
ENtYRI B edidied ar% uen@/3 coe |C|en liqu’srt'he ﬁequenc uni
309, d:t)s@‘fmmantabﬂ@tteng\tersmmbmab rtnar&(blnmofommsaw rT hbdle fength

verse ortho ona ransf rma 5,uni erf ve en
deco ann%fgrmggon ondr ?re%u% cy cngte C|é§t%l? % rans gﬁ:me Fg% C¥hen
the \pmemvﬂferelmagtanot!mﬂpdumge pixé difedential te tHes adéer 39801]hm type

. r30 |er ifferential yit the redlcted ture which i
mfro h(t)te ot|ontccbom(|§ensa¢j\§‘r(1q un|t gpeﬁegra sra(;cs(%)Sthe Bl

informestded nnbttmert{netntfhen:théiadﬁer Mamemhetdierodem‘i@mteretength
‘out into the emory 302 and the,bu mor

decodiUfiay i 500 boRHE e Hedeadt AT SR TorT 255 1 Buke, the BI
mformamony Sﬂﬂamdm@pta)matpmwe:wrrequdtmgatortmmatocﬂedrpicnhe Bl
. tNot af the picture.m ry3 dthe uffer emo

RIS Pl A R A b b BT ORID
decoduiputirito 3D the vatahke, Ieﬂgth m&nmmmwitdammmlmt¢wm9 the

included in .the RAU, Wlth ndln the. back mode signal
data ‘B B FNO BRI Bl AR TRGER & P R Bk Rnethe
var;aaa@ablagem&emm@gm;t@ap@mﬁm slhpicibieslionlgdaddindbeing
ictures to be decoded and dis based n the io decodin

on ”kﬁctﬁfré)'ﬁﬂstré& n QRSP \?/hﬁﬁ’%f%gﬂ%ﬁt&ﬁ‘fr&ﬂ BFth& mfofmafidR rence
pictucbagegfitaniiad OnToem dhtoraniakie lengditt wieeagipg it 301d a motion

vectorem}ms variable length decoding on data of the

The motion compensation unit 303 retrieves an image area
which is indicated by the motion vector MV, from the decoded picture
(reference picture) which is stored in the picture memory 302 and
indicated by the reference picture specification information Ind, and
outputs the image area as a predicted image to the adder 308.

The inverse quantization unit 304 inversely quantizes the
guantization value Qc to be restored as a frequency coe’f?icient, and
outputs the frequency coefficient into the inverse orthogonal
transformation unit 305. The inverse orthogonal transformation
unit 305 performs inverse-frequency transformation on the
frequency coefficient to be transformed back to a pixel differential,
and outputs the pixel differential to the adder 308. The adder 308
adds the pixel differential with the predicted picture which is
outputted from the motion compensation unit 303, and generates a
decoded picture Vout. Then, the adder 308 stores the decoded
picture Vout into the picture memory 302 and the buffer memory
306. The display unit 307 obtains the decoded picture Vout from
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selected pictures. Note that the information obtainment unit 310 may
specify the picture to be decoded only for the special play-back, 15 such
as the jumping play-back, inverse play-back, and the changing back from
the high-speed play-back. For the normal play-back, the information
obtainment unit 310 may specify all pictures as pictures to be decoded
and displayed without analyzing the RAU map Mla and the like.
Especially, in case of change from special play-back to 20 normal

the bueyrback@oteseied iminelikipd @mbadimett rieicenoagpdoditalyze the
the RAU map Mla of the first RAU.from which normal _play-ba arts.
decodpi WSty Benalittbnt SHGnG OBsrABn it Grd BN hed by L0 the
buffePigfein 8egoding apiayatsa3@0 acsiorditg to ¢hre 2%y third embodiment.
Firstly, the pictur codjng apparatus 300 determi whethe ota.
kP e B R R R ar BB e S i B o el anto
the vagieun &/perinficinrtiondsi slorad BiGhe ety piat hpaden of shnRAlted in
be decoded (Step 5300), 30 Here, If the determination i? made thztljkﬁ the

the RJAUWEREHEBRPEPE RESLL: S o) BRASK thaPitturd $8&dding -
RAU naBpamas, 390 t)fb‘téatyﬁthAtly ;ﬁ‘@%ri\ﬂtﬁaatmeﬁ)in @ RALhtd bésdeaasdedthe
Step -53 5302). Then the pic ecoding apparatus, 300 determine
variabaqe ARl Al AL nGF 1 S ot Tt b s CTuded
in theCOUAGSUtVR-BInpigiutes todbaipesiiitned amdisplaydedes § intraediatetyn the

before a starting I-picture in the RAU_to be decoded (Step 5304). If th
decodiRmifiatich IS FhaHE HRP R R/ stbrve BEBichuR (R E 855%8%‘3@1)?“8

informBeRiFiure esnsing appaiatus 300cpecifitse A5 pidiwes/torheisiecoded gth
and displayed, such consecutive 10 g ictures and pictures{grtp)}sgioned [ h
decodifiiby it dBFHE EBRsHARAR IS IRAGEE ARGPSH08) OMCIc the

selectth@t phenfeale Note that the information obtainment unit 310
may specify the picture to be decoded only for the special play-back,
such as the jumping play-back, inverse play-back, and the changing
back from the high-speed play-back. For the normal play-back, the
information obtainment unit 310 may specify all pictures as pictures
to be decoded and displayed without analyzing the RAU map Mla and
the like. Especially, in case of change from special play-back to
normal play-back as described in the third embodiment, itis enough
to analyze the RAU map Mla of the first RAU from which normal
play-back starts.

FIG. 23 is a flowchart showing operations which are
performed by the picture decoding apparatus 300 according to the
third embodiment.

Firstly, the picture decoding apparatus 300 determines
whether or not a RAU to be decoded is open GOP type or closed GOP
type based on the group type information GT stored in the entry
point header of the RAU to be decoded (Step 5300).

Here, If the determination is made that the RAU is open GOP
type (YES at Step S300), then the picture decoding apparatus 300
obtains a RAU map Mla stored in the RAU to be decoded (Step
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is only a single Bl-picture, not a plurality of consecutive Bl-pictures,
positioned in display order immediately before the starting I-picture, the
picture decoding apparatus 300 specifies, as pictures to be 15 decoded,
the Bl-picture and pictures positioned in display order after the Bl-picture.
Moreover, when there are a plurality of consecutive BI-pictures positioned
in display order immediately before the starting I-picture, the picture
decoding apparatus 300 specifies, as 20 pictures to be decoded, the
S$302Bl-pictures and pictures positioned in display order after the consecutive

Bl-pictures. On the other, hand,.if the determination is\m there i

nd B0 L5 A (MO S Sebp S30b HHE I poheesamg e Based
on (HRPPRAIUS B8 spddifies val ittaresdo be aecbbed-andidisplayed, 25 theore

startjng I-picture.and pictures positioned in i rder. after. arti
CO”SEIQMHU%, aﬁﬁg 'ﬁ?éitf) ureeg(%nclfaged f?ﬁ%ﬁgﬁﬁ?gg be?ﬁdec?oidc’tegcfa%} 8¥der
immeMpreever beliendhe detenminatidnpdahade tivat theeRRMUo e decotistnided

clg d GOP type at Step S300 (NO at Step 5300), the 30 picture
(Stepy ing apparatus 300 specifies, as pictures to be decoded and

digplayeddihesstatting troistiuse imatsictires positianéd inudispyidraeicture

after_the starting |-picture, among the pictures - 54 included.jin the RAU. ..
(YES 55 teeoadp e ik e St ap hatoLyE ap s ehiries.
as plhiseess, the pisturediecodind apnacatugi SO YaermimeecHl potursecutive

. included in the RAU to be decoded as the. pictyres to be decoded %r,gd th
BI-picig@sed BrhBhGheSictuROR LB apParatis B Vde85§§‘sfth8 er the

conseRiBlRes Brgiied atsiqpstep0s 30k53081(Bieprhzk) sNdta thatlleen there
o ol R e Ty o5 ST Shiare b R e,
positiwhlzQut aragepsing SrerepIAdfas tsieieyntivifgrehitiees ba ndnthel RAMdture,
the piisc?t?roepege%%gitggegggératus 300 specifies, as pictures to be
decoded, the BI-picture and pictures positioned in display order
after the BI-picture. '

Moreover, when there are a plurality of consecutive
Bl-pictures positioned in display order immediately before the
starting I-picture, the picture decoding apparatus 300 specifies, as
pictures to be decoded, the Bl-pictures and pictures positioned in
display order after the consecutive BI-pictures.

On the other hand, if the determination s made that there is
no such a Bl-picture (NO at Step 5$308), then the picture decoding
apparatus 300 specifies, as pictures to be decoded and displayed,
the starting I-picture and pictures positioned in display order after
the starting I-picture, among the pictures included in the RAU to be
decoded.

Moreover, when the determination is made that the RAU to be
decoded is closed GOP type at Step S300 (NO at Step S300), the
picture decoding apparatus 300 specifies, as pictures to be decoded
and displayed, the starting I-picture and pictures positioned in
display order after the starting I-picture, among the pictures
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Thus, in the third embodiment, when the special play-back such as the
jumping play-back is performed from the RAU, the picture decoding
apparatus 300 can easily determine by referring to the RAU map Mla
whether or not there is an independent Bl-picture 15 positioned in display
order immediately before the starting I-picture that is the first picture in
decoding order. As a result, when a Bl picture is not positioned
immediately before the starting picture, the picture decoding apparatus

inclugggi GansReqdiy exbant ag pistaes 1oy bR aecpir: theastartndlspintweribed
and pictures positioned in display 20 order after the s(tﬁrtln%ﬁ-plcture

abovean(GHEmepiAfes inbluddt $n 686 RAD SR HAEr & GHaA T8 pRRpLatUS
300 dRPesitiapeimmediatae beforaibe ataning QiRtANE, therrictse ddeatling the

apparatus 300 can speedily extract also the Bl-picture as a picture to be

pictudesotie, e sHRC SRR HHARGRYSHthe RAU. 25 Therefore, the
pistre feeding apparaius ROBasAREingip dha thicd Xumdimenbdaes the

not need to conventionally analyze each picture Igﬁer of thelg)l tures

pictuirefugeein thedRAU ﬁéﬁ@étéﬁ\% Ahetivet ADiERIER 28 ure or a

o 2B ok S I 20 e, Troceeang. Earhermars. b -
alwapsBbpredeas rmﬁ_tiﬁﬁé@_l!ltnqﬁﬁb@/lwd&gn%%a%é@%@a@bhé%&lﬁ‘& the
proc g b e cegoey ot g e "
detemminidigientrethassefbae thbh he ANUISTRB MRARAAIEAEs WtnEty

B B e s B S raby, Dack
such iraticath ehd ganeiRr pdRAMPRC RadSnRATEAIOM 8Carl Rty $6iR: 1By 4 the
pictu%g%g§§c§b§%§m§nma@8ﬁ QRUSES daleeiAME-bstieamang to
the RAU map MlIa whether or not there is an independent BI-picture
positioned in display order immediately before the starting I-picture
that is the first picture in decoding order. As a result, when a BI
picture is not positioned immediately before the starting picture, the
picture decoding apparatus 300 can speedily extract, as pictures to
be decode, the starting I-picture and pictures positioned in display
order after the starting I-picture, among the pictures included in the
RAU. Furthermore, when a-BI picture is positioned immediately
before the stérting picture, the picture decoding apparatus 300 can
speedily extract also the BI-picture as a picture to be decode, among
the pictures included in the RAU.

Therefore, the picture decoding apparatus 300 according to
the third embodiment does not need to conventionally analyze each
picture layer of the pictures included in the RAU nor determine
whether a picture is a B-picture or a BI-picture in order to determine
pictures to be decoded, so that it is possible to reduce load of the
decoding processing. Furthermore, when a Bl-picture is positioned
in display order immediately before the starting I-picture, the

BI-picture is able to be easily decoded and displayed, so that is
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10 Here, a variation of the picture decoding apparatus 300 according to
the third embodiment is described. The picture decoding apparatus 300
according to the variation can improve function of the special play-back
by usir_lg Bl-picture. FIG. 24 is an explanatory diagram showing
operations 15 performed by the picture decoding apparatus 300 according
to the variation. For example, as shown in FIG. 24, a- stream has two
B-pictures and one Bl-picture positioned in display order between an

-|-picture and a P-pigtu ictures. In the above case, the
posmbiﬁ urd dje‘cé%delhge %a@iﬁ%%ﬁ()a g‘gic?(/)%%g to the variation can perform
founrtltmemaeeuma%at:mxpagtwamgbrh@énd%ﬁ&m@%%ta@ipﬁ&@r&U
shown.in fF rthermorte, iGtur cod r
map S a RS eS A Lhor ban Gorfor double Cren SRR P12
orderdbefding dhgl-plauténg seiditivneoithe | Pictiis BahOripeiiegethod

exce pztz%\ﬁ%g}gé%é%g%?ﬂig%éﬁ dgscriped pheye AsdHERIreIecosinG .  For

| : ling to the variation can improve the function of the
examsegiafl atpyHbackoa therstehraif BRpItuRBiAYe po¥Ribnéd HikG map of

Predeiemines Siele, AMOgO Reelhe pletirs fosoqno anaeranmiedn be

managegi&in e variation can determine where a Bl-picture is positioned
used.n decoding order or in display order in the RAU to be decoded, by -56
refer inﬂat .theBAU map Mla having the syntax as shown in FIG. 9D, for
exa ?) . 'Lﬂfhermore, the picture decoding apparatus 300 can
deterreine avheea it iqpictar® dihka piplstie: a€ positivged APH Hidans300

acCorg B e BE o B L el S S . curing the speca
playrbask: tyrreideingdintia RABmMapsMVI 8 Or alve dikéi bl thaeevaniation
can irvyr%er%wgr?ui%gt?d%ic&r%%bfpdé%%qyﬁ%y—back by using BlI-picture.

FIG. 24 is an explanatory diagram showing operations
performed by the picture decoding apparatus 300 according to the
variation. For example, as shown in FIG. 24, a stream has two
B-pictures and one Bl-picture positioned in display order between
an I-picture and a P-picture or between two P-pictures.

In the above case, the picture decoding apparatus 300
according to the variation can perform four times speed play-back
by decoding only an I-picture and a P-picture as shown in (1) of FIG.
24. Furthermore, the picture decoding apparatus 300 according to
the variation can perform double speed play-back by decoding a
BI-picture in addition to the I-picture and the P-picture as shown in
(2) of FIG. 24.

As described above, the picture decoding apparatus 300

according to the variation can improve the function of the special

play-back for the stream, if BI-pictures are positioned with a

predetermined cycle.

Moreover, the picture decoding apparatus 300 according to
the variation can determine where a Bl-picture is positioned in
decoding order or in display order in the RAU to be decoded, by
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before the starting I-picture, if the B-picture does not refer to a 1o picture
in another RAU immediately before the current RAU, the RAU map or a
flag at an entry point level may indicate that the RAU is a closed GOP
type RAU. Note also that the variation of the third embodiment has
described that the RAU map Mla is stored in each RAU of the VC-1 15
stream and the picture decoding apparatus 300 decodes the stream, but
as far as the RAU map Mla is stored in a RAU, the coding method may

therypet t Vi sechas e VBEeA4WEevand |l G. 9D,
referﬁ/l%%g%t'rfﬂr% gﬁggﬁe,ﬁ%mdre@gf VC-1 corresponds to a I?:%gtgé? can

for exabge ehaclouldeARCAeinHAE SUetUSE FBGRY HHHLBHIRRRS
d eter‘ﬁw?r%o%rpé%faéﬂ sShoyyig PistHEe sofingiappatatiseapenstlingtedhe This
(0}

urth embodiment. The picture coding apparatus 400 according to the

mearsuHNAEBGPETUABLAES AHBRbPSRIATREB L D12 SSRO IR S0 the
2 CRRPERSRUIL BRI RPS FeRyibfraster ¢8s abopkogend dedstonm wiipiayed

var:aﬁ%ﬁdﬁ a? %ﬁ%a%t%m?nit%&pgn inverse quantization unit 406, an inve;rjse Y

duringrtogorReehnsRIimAalRAGhit 0 7 i BHA 40stRepihlemamdly adeyr the

like. & switch 410, a variable length coding unit 411, a prediction structure
" determination unit 412, and a Bl information 30 generation unit 413. The

mblivkeestiadtiey amt ¥01IbiENE Bepitturd sSRRRISEHTR tahs displayed
beforggﬁtﬁcgﬂ%%ﬁ-ir nithe; mefian extirpatiorBuR 4Qlre5@ searches despdedo a

res i

erence pictures) sfpred in the'%lcture memory 409 and
pictutettts BainagR&bal et alysbsMiEe iMaJeto 8 ffaBdblodib e RAU

map | Pisa%ﬁg'g%lhs&i%t%gigﬂﬂrwnev@ mation satimationait 4A% RAU is a

eterminés a motion vector MV for 5 indicating a location of the image
closedréa@RdtympuitAbb motion vector MV. The motion estimation unit 401

{ggﬁ@g@ggﬁ%&s nisferanee Pistiseineciieating infRrmptierBd iiment has
described that the RAU map Mla is stored in each RAU of the VC-1
stream and the picture decoding apparatus 300 decodes the stream,
but as far as the RAU map Mla is stored in a RAU, the coding method
may be other methods except the VC-1, such as the MPEG-4AVC and
the MPEG-2. In such a case, a BI-picture of VC-1 corresponds to a
B-picture whose macroblocks are all intra-coded.

(Fourth Embodiment)

FIG. 25 is a block diagram showing a picture coding apparatus
according to the fourth embodiment.

The picture coding apparatus 400 according to the fourth
embodiment includes a motion estimation unit 401, a motion
compensation unit 402, a subtractor 403, an orthogonal transform
unit 404, a quantization unit 405, an inverse quantization unit 406,
an inverse orthogonal transformation unit 407, an adder 408, a
picture memory 409, a switch 410, a variable length coding unit 411,
a prediction structure determination unit 412, and a BI information
generation unit 413,

The motion estimation unit 401 obtains a picture signal Vin in
units of macroblocks. Then the motion estimation unit 401
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decoded picture used to detect the motion vector MV. The motion
compensation unit 402 retrieves the image area 1o indicated by the
motion vector MV, from the decoded picture which is stored in the picture
memory 409 and is indicated by the reference picture specification
information Ind, and then outputs the retrieved picture as a predicted
picture. The prediction structure determination unit 412 determines, 15
based on a RAU start picture Uin, that a picture to be coded exists at a

sea rcﬁé‘ 8@55‘%9@5@%%@,@?% tBe Motine astimafianaiildiPd and greture

otion compensation unit 402 to code (inter-picture coding) the picture as
memarspetl randnhebecsssibR JrG@CaRd ARtHE? WH%QUE?%% fapemitar

imag TGN soing 1o Hojerle e aicsye tyRe BAdttuMorsigaesifiealh. The

e prediction structure determination unit 412 determines a picture tﬁ)\e/ for

motickt, fesExasipleranupitidd b PelieliaiRas-pRiROHIANBIVEERE,
indic%ﬁﬁ%pigtulrgéﬁﬁg r‘iogﬁq tWhiclrisdaeludacin thp Bickia signal Mk motion

ermore, the prediction structure determination unit 412 25

vectodetdninesTdreupmyidanfodsdiiohatioregiidihg HeRAUTENRS ByiRuts a
and makes the vari IR 4 efGFOYRAVRa ti th

refergiSim fgﬁ lttg}% %ﬁi‘%&?&ﬁobmméﬁ%ﬁ;ﬁg s(igfnal Vin anéntﬁe ©

decogeetipiet petuns ahebacdeliaes thafaredian bedkéen Me/picture signal
Vip,and the predi ' , t t i i the,
orlrﬁb%ow&?egfgﬁsfgéﬁngé Er&vé%i% O%%?'mg %ﬁ%gﬁ%ﬁ%ﬁgg‘gﬁbn ?J%i? ar.ea

indicaA0ddrbysidnasthet tifereatiab intd ¥, ffsquenth e vl fier@e driti sEggswhich

. the frequency .coeffici - B8 | ntizafj j ‘

is stopggAf %%lrﬁ%%é ?ﬂ%mc?rf%ﬁ%ﬁ%%:gzﬂmﬁfgé%ym‘é reference

i0 guantize requency coefficient which is inputted

 pictufomtbe dittmgomel nfamsfoaiation ndit 204 she BuBLB s reRaifsgrieved

it R SIS ercey ncunes s commtston v

QF incomier doatistare tine ofightaldekgiemdyp ation unit 412 determines,
hased on a RAU start picture Uin, that a picture to be coded exists at
a RAU start position, then instructs the motion estimation unit 401
and the motion compensation unit 402 to code (inter-picture coding)
the picture as a special randomly-accessible picture, and further
instructs the variable length coding unit 411 to code the picture type
pt. More specifically, the prediction structure determination unit
412 determines a picture type Pt, for example an I-picture, a
P-picture, a B-picture, or a BI-picture, of each picture to be coded
which is inciuded in the picture signal Vin.

Furthermore, the prediction structure determination unit 412
determines group type information GT regarding the RAU to be
coded, and makes the variable length coding unit 411 code the
group type information GT. The subtractor 403 obtains the picture
signal Vin and the predicted picture, then calculates a differential
between the picture signal Vin and the predicted picture, and
outputs the differential to the orthogonal transformation unit 404.
The orthogonal transformation unit 404 transforms the differential
into a frequency coefficient, and outputs the frequency coefficient
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coefficient, and outputs the resulting frequency coefficient to the inverse
orthogonal transformation unit 407. The inverse orthogonal
transformation unit 407 performs inverse-frequency io transformation on
the frequency coefficient to be transformed back to a pixel differential,
and outputs the pixel differential to the adder 408. The adder 408 adds
the pixel differential with the predicted picture which is outputted from the
motion compensation unit 402, and generates a decoded picture. The

into tﬂ’léitqﬂ;é%%acﬁﬂo‘%hﬁﬂit]%%dewﬁ%iﬁépétﬂﬁksaiaﬁsw%eﬂm%sw%ﬂatizes

and the decodegrplptyre is stored into the picture memory 409. The Bl
the fresiHrRE6N geRGETGIEMIt W3 §Bndfatd3 R EE AmEP Miathiry thagenal

transfS iR RFiPDiu £ 1Ga A ascepsing ta e PISWIe IvRe Rfuantization

determined by the prediction structure determination 20 unit 412, and

valueo@puis thetfeheratda IRAU SRpth 596 tRE vEIdbIE Jdngth, coding unit
414, Thevasiable lengthoding Hnitdhi panfermis variablr/leqethneoging the

on the quantization value Qc, the picture type Pt, the RAU map Mla, the
quanbivaEbIPVectd! VR, Qiid the MKE G ofBer RSGBNEEE & 2BTiREAR STRAUENCY
pegfi rigble jenathiGagng- et Al ritesirecRAM Map th
Coeffﬂé%ég’n?ggigbhyﬁgg iﬁ?cgl:fmation _ger(?eratiorg1 unit Ay:\L/S into usér data ©
inverpesitionsh Gene hnyprasee ¥ shbwh inune. s lfthermold)gne inverse

ortho\éfcgﬁglfl R EQPING M hA 1 AP ligs The erahis lengih e9dieg R Bigen cy

oup type information GP, and 30 adds the coded group type information

trans R mati entgpsinenaded an te caeffisdertdbérabiva st pirackdack
codi [ 0 9 ' u ' iffexs

0 o EUIHIETENEACD B0 disOReI0 s A e lsacaer

408. infonmatio genéABondast ahe ip hoakd iFieroBtivad mivbhahenpifedjcted

pictug%’gé@g%ﬂg&?@@ﬁfﬁtl'?etl:?rf?gﬂ‘?qHétﬁ‘?c?d-?%ec‘iﬂﬁq'ﬁ%ﬁ%%ﬁ%s&ﬁ@t 402,
and generates a decoded picture. The switch 410 is On when the
decoded picture is instructed to be stored, and the decoded picture
is stored into the picture memory 409.

The Bl information generation unit 413 generates a RAU map
MIa having syntax as shown in FIG. 9D or FIG. 21, according to the
picture type Pt determined by the prediction structure determination
unit 412, and outputs the generated RAU map Mla to the variable
length coding unit 411,

The varia'bie_!ength coding unit 411 performs variable length
coding on the quantization value Qc¢, the picture type Pt, the RAU
map Mla, the motion vector MV, and the like, in order to generate a
stream STR. More specifically, the variable length coding unit 411
writes the RAU map Mla generated by the BI information generation
unit 413 into user data positioned before any pictures as shown in
FIG. 8. Furthermore, the variable length coding unit 411 applies
the variable length coding on the group type information GP, and
adds the coded group type information GP to an entry point header
in the RAU.

As described above, the picture coding apparatus 400
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fourth embodiment. Firstly, the picture coding apparatus 400 determines,
by using the prediction structure determination unit 412, whether or not a
picture to be coded is a starting picture in a RAU (Step S400). Here, 1o if
the determination is made that the picture is the starting picture in the
RAU (YES at Step S400), the picture coding apparatus 400 performs, by
using the variable length coding unit 411, initialization processing to
generate a RAU map Mla, and obtains an area for storing the RAU map

accoMiare ussr data e @pcenteyoi laver(Sierréd 439 uttkemaniodheional
picture coding apparatus 400 determi

_ C . by using t icti .
pIct i S0 BTN Gk B> AR e L DR W 54570
unit @18 aBLpigkr (Step 5404). Here, if the determination is made that the

picture is to be a Bl-picture 20 (YES at Step.5404), then the pict dj
obAfatus 360 d8des i BERLIBTb b3 QDAL o L ENIFY Yotel BHok). T

perfdFaEEaRs thple whenihe RO adegodaddsas oped GREdYRRIRAW the

which pictures are allowed to refer to pictures in other access units, the
fourtdicere bdiny@pbaratus 400 codes a picture to be coded thereby 25

geperating a B pictuie-whishiis)oaipret udisntay gwestaiored by using
starting I-picture in the RAU of the stream STR and which does not refer

the Ry BRI pdLIES UOR 8RN Wb OPHaH S téthat®R SEHRAd8 thaet 2
pictdPe P inHert do baasBhpichie N reSieRHAY, (Beagieqiyre Here,

_ coding apparatus 400 codes the picture to be coded 30 as a pictyre of a

if theimkesAt iRl 1§Pe! stoe da0B) AfnbnCiid pittlfe Sobitg Ao ABOPLyTUTe
in thesiRge B} pioimalioboeneraiion LR Adibganerakasi g asp%@eaﬁn% 400
RAU -60 map Mla based on the determination result at Step 5404 (Step
perfaang), bor uRARBIEN B proRRledang Hpsa gt defidrhtedutialization

procBeHARAR M8 BRUPSIY MR SIRYAHINTIG, 95hep BBtERRAdN area for
storing the RAU map Mla in user data of an entry point layer (Step
4202).

Furthermore, the picture coding apparatus 400 determines,
by using the prediction structure determination unit 412, whether or
not the picture to be coded is to be a Bl-picture (Step 5404). Here,
if the determination is made that the picture is to be a BI-picture
(YES at Step S404), then the picture coding apparatus 400 codes the
picture to be coded as a Bl-picture (Step 5406). This means that,
when the RAU to be coded is an open GOP type RAU in which pictures
are allowed to refer to pictures in other access units, the picture
coding apparatus 400 codes a picture to be coded thereby
generating a BI-picture which is positioned in display order before a
starting I-picture in the RAU of the stream STR and which does not
refer to any other pictures. On the other hand, if the determination
is made that the picture is not to be a BI-picture (NO at Step S404),
then the picture coding apparatus 400 codes the picture to be coded
as a picture of a different picture type (Step 5408).

Then, the picture coding device 400, by using the BI
information generation unit 413, generates and updates the RAU
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5 map Mla can include: picture type information regarding the picture
coded at Step S406 or S408; information indicating whether the picture is
coded in a field structure or in a frame structure; and the like. As another
example, the picture coding apparatus 400 generates the RAU map Mla
as shown in FIG. 21 so that the RAU map 10 Mla can clearly indicate a
flag indicating whether or not there are one or more consecutive
Bl-pictures positioned in display order before the starting I-picture, and

the number of such Bl-picture e of ¢ i U
map MR BRSSAL Hng Ll e (R aS ool SoU 1B iy SFEB a8 S tep
S4 10hpicture in the RAU is 15 determined, in other words, coding of all the

Bl-pictures that, precede in displ t tarti -pi f; i

s SRR B S ine
RAU endipghpparetud 4g0sdertanires whethar oi rfothe Dletge dbeintined RAU

tep S404 is a,last pi i "
man R R TR R R BRI S Bt eoperure
code@refeSigphds4eenperfoAf&d f@n&ﬂrpmtl'reﬂvdhﬁcli@éim@udéwm{é the
) RAU. Here, if the determjnati i t ict i i

picto gk S AL g I S A RO tne
like. coges thadAblemage Miardd esingthe padbbieelengtt icogling pit Z4id) ainct 00

writes the map_Mla.nto the area obtaj t -
genetales PRRBIL Bt g Sapa e 0r add e YRR AthghaP
Mla é@fe@e?ﬁtgu(nhwr@aﬁe ke fepasseit smoggwitalies rircfuded ithieere are
stream Step S416). Here, if the determination 30 is . madg thaf the
5¢ BL ey raer

one QrsiNg HiotmRNs BetdcesBiaRiE s & StBy BA1E) tHed Ihd bt
beforeoding annareiyg 400 iepeaats, opatitidns fram Bep SAGL On Bie-piladures.

hand, if the determinatjon is made -1 that ng piciure, to r ed.i
in cop IR BTSSR LA oo
compﬁh@mdetes‘wrcqmg opdiatipnst Nota that,iimghé-gpettionsiof Kl 2BAU is
t
determeirlizéb\ ’mﬁ{)sg%agre words, coding of all the BI-pictures that
precede in display order the starting I-picture and follow in decoding

order the starting I-picture is determined.
Next, the picture coding apparatus 400 determines whether

or not the picture determined at Step S404 is a last picture'in the
RAU (Step S412). Inother words, the picture coding apparatus 400
determines whether or not the processing has been performed for all
pictures which are included in the RAU. Here, if the determination
is made that the picture is a last picture (YES at 5412), then the
picture coding apparatus 400 specifies and codes the RAU map Mla
using the variable length coding unit 411, and writes the RAU map
MIa into the area obtained at Step 5402 (Step S414).

Then, the picture coding apparatus 400 determines whether
or not there are still pictures to be processed, among pictures
included in the stream STR (Step S416). Here, if the determination
is made that there is still a picture to be processed (YES at Step

$416), then the picture coding apparatus 400 repeats operations
from Step $S400. On the other hand, if the determination is made
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area is previously obtained, but for example if there is a memory 5
enough to buffer data such as the RAU, the RAU map data and the
picture data may be stored in the memory and those data may be written
into the storage media after determining the RAU map. (Fifth
Embodiment) Furthermore, by recording a program for realizing the
picture io coding apparatus and the picture decoding apparatus described
in the above embodiments, on a recording medium, such as a flexible

that Hekpildanessble o sasiv aplamentihe @rosessitgsiessribad i) théven the
above embodiments by an independent computer system. FIGS. 27A,

picturEBCafiny @ pRdiaatbRP AR RsWHY GOTBRGBRFEH RS S
PiGEe£4iRg apparails pet Srecriciuse deepding  apparatng desspbeddnage

above embodiments are realized by a computer system, by using a

areapipgea@viBieal¥ RBSAHEEHn £ YERUIRMAGARIR, Hudh85e fiexbignemory
enoudk BB AFBShRyG Sl ausigrvien 9] thedlexikle ¢iskpaddla and the

cross-sectional structure of the flexible disk, and a body of the flexible

pictugickhath. Mey 28R $tensdn BxERmIB R pRYsieRdotRas or 4t Aelify be
writt@RKiRedy Mhiclis prgainbedyLiHhere et e g nid eieyitigsisk

body FD is equipped in a case F, and a plurality of tracks Tr are forme
on(d& HilifaEevoP 8@ Bk TEdm a 25 circumference towards an internal

CIPYPRIERGRIRE WPhe b APNTENIE UGS PAELIBRK Bthe picture

segmented Into sixteen sectors Se in an angle direction. Therefore, )

codinggappghtUians disie stifiby theGRo0E PiggRD &t brevE §régikad in
i rded llgcated ible di dy. -

the D R oy Aeiconble

disk,Fib iecords Sl el9-1Sasd YhapRIGER  WHEEHY fis@es pragres ¢sibed in

lizi ict i r i : i

the e e e

frond @ Cordper 3y &ermnih Atexiie xpdpvatory diagrams showing a

case when the picture coding apparatus and the picture decoding
apparatus described in above embodiments are realized by a
computer system, by using a program which is recorded on a
recording medium, such as a flexible disk.

FIG. 27B shows a front outside view of the flexible disk, a
cross-sectional structure of the flexible disk, and a body of the
flexibie disk body. FIG. 27A shows an example of a physical format
of the flexible disk body which is a main body of the recording
medium. The flexible disk body FD is equipped in a case F, and a
plurality of tracks Tr are formed on a surface of the disk from a
circumference towards an internal circumference in a shape of
concentric circles, and each track is segmented into sixteen sectors
Se in an angle direction. Therefore, regarding the flexible disk
storing the above program, the above program is recorded in an
area allocated on the fiexible disk body FD.

Furthermore, FIG. 27C shows a structure by which the flexible
disk body FD records and play-backs the program. When the above
program for realizing the picture coding apparatus and the picture
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FDD. Furthermore, when processing performed by the picture coding

apparatus and the picture decoding apparatus is structured 5 in the

program system in the flexible disk, the program is read out from the

flexible disk via the flexible disk drive, and transferred to the computer

system Cs. Note that the above explanation has described to use the

flexible disk as a recording medium, but it is possible to use an 10 optical
decdting 4515 Poi6 8198 that PiRfegomine e ipio dRIehBdle Fp, the

above, but may be anything for enabling to record the program, such as’
Progd@ It &ard BRESI RN Ba8seas) AY ys&ideanovis acdbeingle disk drive
FDDPresEntpHeRted, (e \iikiyie pRdne aapraliR TP AN MaRd B R e ure

header of the RAU, " 15 and the picture decoding apparatus rs to the

‘codingded RALS kit Berdré iR oty eadhasiedie BEmaEitE pesisbitia ctured

in tHEGFERRFANIARRRIATANN Bl ExASiall g IMprove MakbATk dually out
of a packaged media, in which a special play-back function is crucial.
fromT kbR B b isthriiveHien ek b iaghiskateh ealandd rmsTerred to

the ggﬁgvgpﬁgﬁ & dhe Rresent invention has been described by using the
above embodiments and the respective variations, but the present

inv@@tt@j t@@@t |trlni@eca€mn§ a@wdanﬁiéim@aﬁ@maﬂeﬁmém&@ the use the
ﬂexiBrI%SWE'tQVS%“%“’ raeB%rrséPﬂwgf ‘?Wé'?ﬁ%ﬁk'"%WW%C%SQFB%‘GEH‘% se an
a 51hé presen

above embodiments and vartations, or cdn combine
optigavedtih wibtether. weNabewnl aetst s fatlae the caordbivgtioreidium is not

iS5 A0 BN IR IR RN SR SRS 2o ene
prog{iesn, whisthisas tggicantegratad dreuR e sm 88 @hetional blocks can

e amenceaal o MR LIS HEATE R e
pictuintegadéd S B singid olig ) de3tNiseRMtébratag écntuitxdrelalcallod Bne RAU,
and the? Y8 Yefoding apparatus refers to the added RAU map
before decoding each picture, so that it is possible to reduce
decoding operations, and espe'ciatly to improve play-back quality of
a packaged media, in which a special play-back function is crucial.
Therefore, the present invention has a high practical value.

As described above, the present invention has been described
by using the above embodiments and the respective variations, but
the pres'ent invention is not limited to the above. This means that,
to realize the present invention, a person of ordinary skill in the art
can combine the above embodiments and variations, or can combine
the present invention with other well-known arts, as far as the
combination is sensible.

Note that each functional block shown in the block diagrams
(FIGS. 10 and 17, for example) is realized as a large scale
integration (LSI) which is a typical integrated circuit. These
functional blocks can be integrated separately, or a part or all of
them may be integrated into a single chip (For example, functional
blocks except a memory can be integrated as a single chip.).
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super LSI or an ultra LSI depending on their degrees of integration. The
integrated circuit technique is not limited to the LSI, and it may be
implemented as a dedicated circuit or a general-purpose 5 processor. It is
also possible to use a Field Programmable Gate Array (FPGA) that can be
programmed after manufacturing the LSI, or a reconfigurable processor in
which connection and setting of circuit cells inside the LSI can be
reconfigured. Furthermore, if due to the progress of semiconductor io
techineldgiesgrabeid dernatidns amevb tectmidiodiesfol integraggd teirouits>1, a
appear to be replace t?j% L it is, of.co [ .
supe oy RC e e R S Prl el e O e ion.
integratecieiguit &oraxamiild didtethnelogyn otdanidicheérhizdihe LSI, and

t R TR A B oy L o Ky Atz Bl Pose

procesded. or Hededed s$onatdsteidratetdntozhe ghipicddat Rraliged meaable Gate

woro LA R oI e PR IR pRR e L1,

e accor
or a appliedfin pleybacking dbe 34C-1i stredmcind-ihe fike tio all dendcesaiitiicly of

. ave g special, play-b [#unctio ,.such as high-speed play-back, and is
C'““iﬁ&@él}%ﬂé%%i% igzﬂraiggp'é?i%)ﬂgﬁgéjervﬁig:ge's in which the special
playbeiak functier is idritical e64 MO A006/@F3RP7eRE T/HP 2006008 h4 uctor
AMENDED CLAIMS 1, (Amended) A picture codin aratus which
techiRiRIRS BTcoHBN ST ALIANBy bty Sk BREH i elih dntegrated
circuHrityicke nchudes onelercadreypititres, s8itikpicture, coflingwppaygias Sible
com risng: acRdinQ unjt operable to odeaEJict re to be codeg tc,g .
to use such” technologies to implement the enclosed tunctional
blocks as an integrated circuit. For example, biotechnology,
organic chemical technology, and the like can be applied to the
above implementation.
Note that, among the functional blocks, oniy units for storing
data to be coded or decoded is not integrated into the chip, but

realized as a different function.

Industrial Applicability
The picture coding apparatus and picture decoding apparatus

according to the present invention can be applied, in play-backing
the VC-1 stream and the like, to all devices which have a special
play-back function, such as high-speed play-back, and is especially
useful for optical disk peripheral devices in which the special

play-back function is critical.
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generate an independent picture which is positioned, in the access unit of
the coded picture signal, in a display order before a starting picture that is

oz%i(gi Iy %Jln a decoding order as a first picture, and to Whicpci%ﬁpgl‘ﬁzlé%&em
wg) ??e(? ' en

eco Independently without re? to other picture; W e
access unit is an open type acd¥ &k&?\%tﬁw@%ble to be coded by

referring to another access unit; an information generation unit operable to "
generate supplementary information which indicates for the access unit of

the 15 coded picture signal whether or not the independent picture is
Yosition %etﬁg%@pl BIEEY ifnt& gy BRRREINE StaMiHg hpiseinerates a

cantkd witing-ardtppel ablectodinite dbe- Buppiementaaitforpatias unit which
. ted by said information .generation unit into the 20 access unit of
jﬁ?en%g%gd é?({:?ureg gig‘r?l]acf.rg. The pidtare caafﬁsg ZP[Z)IBEPE{'[%S SRERfngABParatus
corapTisivierein said information generation unit is operable to generate

the supplemeriary, infermpation.which.includes ?af'ggc%é{l@di%s“%ge coded to

whether or not the independent picture is positioned in the display order

GRiHEaEReR bEISIRRAE GBMMinG  plcitife Vet thes m@sEiostate in the access

LEARSSEHHE dBaeReRIent PICRIRSNOSIHONeS 4% 1RG disPlay10kdEte & starting
immedi tgel hefore the star#nn%plcture. 30 3. The picture coding
PAb AT 30 Lol KRG, HASTERFSAR PEh-REBRBTaRER URR, and

vidhoperablebie gerieeatisthecheppietientany itienaiinm whichdraieains i any
0 %?AIIE\)%NEED gé-IEFhT (ARTICLE 19) WO 2006/073207 . .
BT B0b6 1 3003 14T Mo e SR oF i g RRp P s SESRARIE Which
i$ypé 6f tee padto GRiubyine feled iy the acteskamit of Hescadéd picture
signal. 4, The, Ricie£QHin ara ggccg{ﬁmg 19 %?H%Ieé 5 Yherein o rate
said writing unit is operable to write the supp ementgry fformation at a
sbwﬁgmﬁé}ga@éhwgemﬁgiﬁaug@@ch indicates for the access unit of the

coded picture signal whether or not the independent picture is
positioned in the display order immediately before the starting
picture; and | |

a writing unit operable to write the supplementary
information generated by said information generation unit into the
access unit of the coded picture signal. |

2. The picture coding apparatus according to Claim 1,

wherein said information generation unit is operable to
generate the suppiementary information which includes a flag
indicating whether or not the independent picture is positioned in
the display order immediately before the starting picture, and the
number of the consecutive independent pictures positioned in the
disptay order-immediately before the starting picture.

3. The picture coding apparatus according to Ciaim 1,
wherein said information generation unit is operable to
generate the supplementary information which indicates in =z
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in the access unit of the coded picture signal. 5. The picture coding
apparatus according to Claim 1, 10 wherein said coding unit is operable to

( %Q)%E%t‘%z%e |.ndependent plctyre _Whlch has charactgnspcsgg,}ﬁyv#&%ﬁ;?& 214
independent picture precedes in display order a starting intra-codé

picture in an access unit and follows in decoding order the starting
intra-coded picture in the access unit and in which all macroblocks in 15

dbe dnflereriert-pisturg aer&eén&r?sgwﬁdoaa@@O@qﬁ&m@%&i@é%ﬁ the each

icture type indicating the characteristics into the independent picture. 6.
A 4TIans W BRALIE B BREoRsHalhONaR GOGRRPAC o Boatana

picture signal in which each access unit includes one or more pictures,
he ac unit,of the coded picture signal storing,.supplementary.
Sitormaan FEH R OREL o RBHET O ot RADE Hr Al i
positioneddnea tisgajdorderiimediately 25 iseforp arstating pictukerite  the
it, & [ t_picture bei sitioned i ispl
e e DS E S A P TGt
8 fifse pRtRSSalB I being ubleas BE duesued intpehdently without

referring to any other picture, 30 said picture decoding apparatus

comprising: a type determination unit operable to determine whether or
1ot the HeLeRE LA BEe P e RIS SR TPHAER S abABTbE 66

AMENRER SHEESARRTIEH M E9) WP 2006/ QY320 HPE THP20@6{208844 the

e e st s amalon ot e
i onig wehemesE digpe rdatesminadton nindi sietesmineethattberaocgssuritisoded
JNEAPEN VRS 3AESIMNMand follows in decoding order the starting
intra-coded picture in the access unit and in which all macroblocks in
the independent picture are intra-coded, and to add information of a
picture type indicating the characteristics into the independent
pDiCture.

6. (Amended) A picture decoding apparatus which decodes &
coded picture signai in which each access unit inciudes one or more
pictures,

the access unit of the coded picture signal storing
supplementary information which indicates wheather or not an
independent picture is pesitioned in a display order immediateiy
before a starting picture in the access unit, and the independent
picture being positioned in a display order before the starting
picture that is positioned in a decoding order as a first picture, and
being abie to be decoded independently without referring to any
other picture,

said picture decoding apparatus comprising:

a type determination unit operable to determine whether or
not the access unit is an open type access unit which is able to be
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an extraction unit operable to extract from the access unit a picture to be
decoded by referring to the supplementary information obtained by said

Winfor@ryg%on,?obtainment unit; and a decoding unit operable to decode the
&czf)uré Eitracted by 1o said extraction unit. 7. The picture J’&%ﬁ‘?ﬁ‘&’ém‘}s”

apparatus according to Claim 6, wherein said extraction unit is operable
to determine by referring to the supplementary information 15 whether or

det dle:indppeadent PIgHEe AnRAsiHengddade tisplay order immediately
before the SI%Fﬁn picture, and extract the independent picture as the

picture 38 beHEESAEH RWheARE HERGRInatOis ARRIGHE tHe obtain the
sngependentpisturafisrpusitionedriprinedisplaycersierimmedigiely DEEGEE type
[ icture,.and not to extract the independent picture as the
e e e R e R i P i e open type
dnaependsiit; picture is not positioned in the display order immediately

before i el Bistuier25% LA Lichie decodopappaIRS. occ ynie 4

according to Claim 7, wherein said supplementary information inc

FaE R i IR AECoP noafRI B ERdoIR pItRItERBoditordd forthation

ohispiaeerdsy iramedimelhaiosn the siaHinG Rictyr: anghipe number of
the consegcutiv§f indeﬁendentr%ctures positioned in the 3o display order

immedftSf 4018 tHE G HR5g PRIGrECaRECE4lE Epadtichinit Bxtracted by

saperablertcdieteranmie. by referring to the flag and the number included in
67 AMENDED SHEET (ARTICLE 19) WO 2006/073207
PCTIJP2006/300314 the supplementary information whether or not there

7are ond bEnROESLcENdecaiiiie hdepeadent pictaces posifianed inithe s,

displayordee Wid extraction unit is operable to

determine by referring to the supplementary information
whether or not the independent picture is positioned in the display
order immediately before the starting picture, and

extract the independent picture as the picture to be decoded
when the determination is made that the independent picture |s
positioned in the display order immediately before the starting
picture, and not to extract the independent picture as the picture to
be deccded when the determination is made that the independent
picture is not positioned in the dispiay order immediately before the
starting picture.

8. The picture decoding apparatus according to Claim 7,
wherein said supplemeniary information includes a flag
indicating whether or not the independent picture is positioned in
the display order immediately before the starting picture, and the
number of the consecutive independent pictures positioned in the
display order immediately before the starting picture, and
said extraction unit is operable to

determine by referring to the flag and the number included in
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15 20 25 30 68 AMENDED SHEET (ARTICLE 19) WO 2006/073207
PCTIJP20061300314 10. (Amended) A coded picture signal in which

W%%E'ﬁ%%ﬁﬁs unit includes one or more pictures, said code%gj&%ggﬂsjg} %4

comprising supplementary information which indicates whether or not an
independent picture is positioned, in the access unit of the coded 5
picture signal, in a display order immediately before a starting picture that
tisepositioneth rasiecod g ordercasa fitiietaien et ndepapdett e or more
Oi%tur% bein% Pr?@itioned in %decgdingg order,el&fore the starting picture
andggel‘ﬁ‘a\é ISR Be Pis HhErRdBAMNAINDG:  Petdtfingi®R iy order
other picture. 10 11. The coded. picture signal according to Claim 10,
wherein said supplementary information is stored at a position before any
picture in the access unit. 15 12. (Amended) A picture coding method of
generating a coded picture signal by coding each picture in each access
unit which includes one or more pictures, said picture coding method
comprising: generating, by coding a picture to be coded, an independent
20 picture which is positioned, in the access unit of the coded picture
signal, in a display order before a starting picture that is positioned in a
decoding order as a first picture, and which is able to be decoded
independently without referring to any other picture, when the access unit
IS an open type access unit which is able to be coded by 25 referring to
another access unit; generating supplementary information which
indicates for the
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access unit of the coded picture signal whether or not the independent
picture is positioned in the display order immediately before the starting
8'9 UG %(,i 30 writing the supplementary information gener[;aé%g[ég 3{%%314
genera?mg of the supplementary information into the access uni ?

coded picture signal. 69 AMENDED SHEET (ARTICLE 19) WO
2006/073207 PCT/JP2006/300314 13. (Amended) A picture decoding

11ethod(afrdecatkng) a@Qﬂﬁﬂe@i@Lﬁ’@ ) rmbinawhiﬁh\ﬁamgé% HBtess unit
es one or more pictures, 5 the access unit of the coded ture L
&gna& Storing suppﬂlgng |‘;1€?8m§§5[|8c quﬁslﬁdﬁ:iﬁfég \ﬁlf%?pﬁgr‘iﬁ’ﬁ&ﬂsmg
an delpEnd@m@lrdIare/|H1ﬁosmtednmakdr§playmmammémat@y or not an
I e, sSS.un t in endent ure
B S e e D ATt codes
%@@m’@neﬁﬂrﬁ?éldeﬁ@dﬁ]gcbfdélaé{s @ﬁﬁgfpmeématwn@ameo be starting

pilesodedindependanthowishout refaringdpany Riber pictlng -said Rie 14

decoding method comprising: determining whether or not the access unit

*@5@85@@%8'ﬁ%&@%%@m@r%%@t@ sEegesiacy bifidmmghs the

senpthes arcassUsitiobEinne e suppledentary intermation domyithout
cess unt when thd detegé[[nlnatlon is made that the access unit is the
rgg

%W'Py%e %c%@%’s% *HPE P‘H‘&rng from the access unit a picture to be

decoded by referring to the supplementary information obtained in said

AR Ragegdenoinabe Bidin StanalD W aiaeg, 2514

Amende )Aprogr nerate sacod plcture
wherein said suppiementary information is stored at a

position before any picture in the access unit.

12. (Amended) A picture coding method of generating a coded
picture signal by coding each picture in each access unit which
includes one or wmore pictures, said picture coding method
comprising: '

generating, by coding a picture to be coded, ar independent
picture which is positioned, in the access unit of the coded picture
signal, in a dispiay order before a starting picture that is positioned
in a decoding order as a first picture, and which is abie to be decoded
independently without referring to any other picture, when the
access unit is an open type access unit which is able to be coded by
referring tc another access unit;

generating suppiementary information which indicates for the
access unit of the coded picture signal whether or not the
independent picture is positioned in the display order immediately
before the starting picture; and

writing the supptementary information generated in said
generating of the supplementary information into the access unit of
the coded picture signal.
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signal by coding each picture in each access unit that includes one or
more pictures, said program causing a computer to execute: generating,

Wzﬁ%ﬂ?ﬁ% picture to be coded, an independent picture WFP%I} /lej.P 006/300314
pos&loneqﬂ, in the access unit of the coded picture 3o signal, in a'alspr%ty

order before a starting picture that is positioned in a decoding order as a

first picture, and which is able to be decoded independently without

referring to any other picture, when the 70 AMENDED SHEET (ARTICLE

l?) WO@OOG/O?S%S? CT/JP2006/300314 access git iS an open type

Ctess (TGRS atiPt5 B Bl B NerdRE RS SRELRE tnfioded

pgeteratirgoupplémenaryinfesaticnosbich inditates dnidhe aggessounifnore
p%y&?_ggded picture signal whether or not the 5 independent picture is
positionéd in the display order immediately before the starting picture;
and wrifiy ticsasplemetitarydhfotination g@adrateddhsaid geneedtingtofing

e SunRlementary: information intq,ihe-acaess Laitaf tt%%%ﬂ%q PSR ot an

_signal. 10 15. (Amended) A program which decodes a coded picture
BERBETHIRRICHPEN SodesB aRitiRBIBHes o sHRRRYpivtifes, themediately

braesss undtefhe gogret aieture sigeakviedng shnplementaydnfarealiondent
which indicates whether or not.an 15 jndependent picture is positioned in

PA PRy 5T iR i AB; Deldrea SERIYpIGIAE I PefRted iniEtarting
panti the thdependenst thintere heiagdesititined T adlispiay didet befaertheand

L e e S e e g LY
ohtmer pittire Ssaid program causing a computer to execute: determining
whethel0k N9LS-RCERILWIN &S ALPRER Bt prising:

determining whether or nrot the access unit is an open type
access unit which is able to be decoded by referring to another
access unit; |

obtaining the suppiementary information from the access unit,
when said determination is made that the access unit is the open
type access unit; _

extracting from the access unit a picture to be deccded by
referring to the supplementary information obtained in said

obtaining; and

decoding the picture extracted in said extracting.

14, (Amended) A program which generates a coded picture
signa! by coding each picture in each access unit that includes one or
more pictures, said program causing a computier to execute:
generating, by coding a picturs to be coded, an independent
picture which is positioned, in the access unit of the coded picture
signal, in a display order before a starting picture that is positioned
in a decoding order as a first picture, and which is able to be decoded
independently without referring to any other picture, when the
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access unit which is able to be decoded by referring to another access
unit; 25 obtaining the supplementary information from the access unit,
W\ghen aid determination is made that the access unit is the %p

2006/073207 82%&%%3306314

access unit; extracting from the access unit a picture to be d
referring to the supplementary information obtained in said 30 obtaining;
and decoding the picture extracted in said extracting. 71 AMENDED

aSUESTUAR TECHE 38\ @2R08/07329 1 RE TWIRRODE398R14018e coded by
- %@endechn |nt%ated circuit which generates a coded picture signal

y c%‘(lirijr% Oaé’w& b EEGT dtidEss unit which includes one or more
picturegesaidabiegrated iecnie noayrisiiorarcoding Wit operableeseofle- the
icture to be caded 1o ra independent picture which is
_a%o%%(%lne%wg tr(l&g a%%egss%tﬁwgltg (?f ti@(?:%ge% ;%l(’:tcﬁ?g |sig\fs{ I?l g'?jis?)fayﬂOt the
| DERIP DRELTE fa Btakting  picps Hanis dsitidheddisa decatidg viderasdiately
Hired pictyre, andtyhich isiqpble g, kg decoded independently without

referring to any other picture, when the access unit is an open type
accesS\Ini WhicH %o i3 HPRITBREBAR BYf Fetetahipl dppiwiaiesestn said

dénite patipteroTation gersyRiion:HAl QPeRaBIe IR BRNETAE SWRPISARIaNY hit of

t*,rgformgrtig? Whi‘tCh indicates for the access unit of the coded picture signal
WheTthESS Rt HE%nﬁ@d&‘ﬂHent picture is positioned in the display order
immediately before the starting 15 picture; and a writing unit operable to

B mera e G e B R Rt i e signal
itAmeHde@Bah isegrardibifcun whithderutesraroodedppitturesignal in
which egeh agcess4init JRGludes oRg e MYFed  picture signal  storing
supplementary information which indicates whether or not an
independent picture is positioned in a display order immediateiy
before a starting picture in the access unit, and the Endépendent
picture being positioned in a display order before the starting
picture that is positioned in a decoding order as a first picture, and
being able to be decoded independently without referring to any
other picture,

said program causing a computer to execute:

determining whether or not the access unit is an open type
access unit which is able to be decoded by referring to another
access unit;

obtaining the supplementary information from the access unit,
when said determination is made that the access unit is the open
type access unit;

extracting from the access unit @ picture to be decoded by
referring to the supplementary information obtained in said
obtaining; and

decoding the picture extracted in said extracting.
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pictures, the access unit of the coded picture signal storing

supplementary information which indicates whether or not an 25

' t picture is positioned in a display order immediately before a
w&%ﬁ?ﬁ%ﬁ@ure in the access unit, and the independent pictﬁ?éé(/tglé%ﬁ(bﬁl 300314

positioned in a display order before the starting picture that is positioned

in a decoding order as a first picture, and being able to be decoded

ﬂﬁ_deper(damwiﬁw}ltﬁﬁfeizﬁit@gmae}ﬁ HWether Mg?eﬁ, %;,zécﬁgwgsé%teg coded
iccuits ¢ rising: a type determination unit operable to determine )
e S T ARENDED SHEL RTILE 16, GRS B0B6RgInic which
IPCTIP2006£3003D4 neopikelatEess aitt is bagae typeractesomitrising :
which i e o] etri other access unit; an
informftii%?gga'n#gﬁgu%ﬁ%agglegg%gﬁtée Dsf&%% e‘cemeﬁtai‘}}ye coded to
SRR R fdMdRe QbeRtuRIC IWMREN WALty ie Baigtdanieation whie access
wiRteanifes hiad e aragseutibisdneiaPendids AP eflre a starting

extractign unit operable to extract from the access unit a picture to be

PiEHed BT réfeR Y WP MRS LB He ARARHNAGHHiRI0R SoBtiifed Pl Eaie, and
vimfrm aicrbobtainment yoiscand iHie deeering unikopesaRle 94lecadero any
o&%@%ﬁf@g i eéj nbyh Saé%gégé‘ CJ'rcl)rr% lEJSE] Ic% n7%pAéI\AEt3l\flg E [a)c%ggsE -ll;nit which
is able to be coded by referring to another access unit;

an information generation unit operable to generate
supplementary information which indicates for the access unit of the
coded picture signal whether or not the independent picture is
positioned in the disptay order immediately before the starting
picture; and

g writing unit operable to write the supplementary
infermation generated by said information generation unit into the

access unit of the coded picture signal.

17. (Amended) An integrated circuit which decodes s coded
picture signal in which each access unit includes one or more
pictures,

the access unit of the coded picture signal storing
supplementary information which indicates whether or not an
independent picture is positioned in a display order immediately
before a starting p'icture in the access unit, and the independent
picture being positioned in a display order before the starting
picture that is positionecd in a decoding order as a first picture, and
being able to be decoded independently without referring to any
other picture,

said integrated circuits comprising:

a type determination unit operable to determine whether or
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not the access unit is an open type access unit which is able to be
decoded by referring to another access unit;

an information obtainment unit operable to obtain the
suppiementary information from the access unit, when said type
determination unit determines that the access unit is the open type
access unit;

an extraction unit operable to extract from the access unit a
picture to be decoded by referring to the suppiementary information
obtained by said information obtainment unit; and

a decoding unit operable to decode the picture extracted by
said extraction unit.
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