01 SEP | MAGE SI GNAL DATA STRUCTURE, | MAGE CODI NG METHOD, AND INAGEL&EE@EHNG
METHOD 'FTELD OF THE | NVENTI O The present invention relates to an image
signal data structure, an inmge codiag met hod, and an i mage decoding
method. Mre particularly, the invention relates to an i mage signal data
structure which includes reproduction timng data relating to the timng
of reproduction including decoding and i nage di splay for each of franes as
conponents of an image, generation (coding) a coded i mage signal including

t he reproduction timng e | n coded i mage si gnal
Further, the present invgﬁég%ngfgwﬁgeégf% gﬂﬂﬁﬁtﬁgEtoding apparatus for
generating the coded | sjgna an | d I us performng
t he above-descr*%%%Edt@%ﬂﬁ%g@gﬁgbﬁai%Né?@ﬁgﬁ% ﬁé@géﬂgﬁgﬁggéﬁéng a coded

i mge_signal of the above- described data structure, and a data storage
nediuﬁﬂ@gﬁ%ﬁﬁﬁﬁﬁg~5HYEﬂ$$8§ processing program for inplementing the
above-descri bed coding and decodi ng by using a, conputer. BACKGROUND OF THE
| NVENTI ON @ RIr8aans 1N g?%lgé*é%ﬁ tHe AyAIt A 193RI EH whi ch
audi o, video and other data are integrally handled, and the conventi onal

i nf or FREPERUFRI A imagde fAedhBgf BethpdnsAPgt ARgiMAAROAREPHOAIt BEREBAIsUCh as
newspapers, nagazines, televisions, radios, and tel ephones, have bheen

adopt Margsparbieplatly, ntihei ieveaticanerdptes tRuUPR| ABAP]" SHERAL data
represent, not only 0 1 S E P 200 characters, but al so diagrans, speeches,

and espsuthire whagbsingindesanepuefyctacpekaning Apta EatAtdngeEC Fheor der

to handl e
g timing of reproduction including decoding and image display for

each of frames as components of an image, generation (coding) of
a coded image signal including the reproduction timing data, and
decoding of the coded image signal.

Further, the present invention relates to an image coding
apparatus for generating the coded image signal, an image
decoding apparatus performing the above-described decoding, a
data storage medium containing a coded image signal of the above-
described data structure, and a data storage medium containing an
image proceésing program for implementing the above-described

coding and decoding by using a computer.

BACKGROUND OF THE INVENTION

In recent years, we have greeted the age of multimedia in
which audio, video and other data are integrally handled, and the
conventional information media, i.e., means for transmitting
information to men such as newspapers, magazines, televisions,
radios, and telephones, have been adopted as the objects of

multimedia. Generally, "multimedia" means to represent, not only



" _the conventional information nedia as the objects of nultinedia, fitf §sp 20

necessary to convert the information of the nedia into a digital format.
When the data quantity of each informgtion nedi um descri bed above is
-estimated as a quantity of digital data, in case characters, the data
quantity for each character is 1-2 byte. However, in case of speech, the
data quantity is 64kbits per second (quality for tel econmunication) and,
in case of noving picture, is nmore than 100Mbits per second (quality
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Tel ecommuni cati on.  Uni on- Tel econmuni cati on Sector) is enployed. Further,
accorGﬂﬁétaldﬁPEmeﬁnpreSS|on technol ogy of MPEGL, it is possible record

| mge data, together with audio data, in an ordlneH¥ nus nggco
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novi ng picture data to 1.5Mops, i.
' characters, the data quantlty for each character is 1~2 byte.

However, in case of speech, the data quantity is 64kbits per
second (guality for telecommunication) and, in case of moving
picture, it is more than 100Mbits per second (quality for current
television broadcasting). So, in the information media such as
televisions, it is not practical to process such massive data as
it is in a digital format. For example, although visual
telephones have already been put to practical use by ISDN
(Integrated Services Digital Network) having a transmission rate
of 64kbps-1;5Mbps, it is impossible to transmit an image of a
television camera as it is by the ISDN.

So, data compression technologies are demanded. 1In cese of
visual telephones, a moving picture compression technology
standardized .as H.261 by ITU-T (International Telecommunication
Union-Telecommunication Sector) is employed. Further, according
to a data compression technology of MPEGl, it is possible to
record image data, together with audio data, in an ordinary music

CD (compact disk).



. conpressing data of a television signal to about 1/100. Since the g1 SEP &
transnission rate to which MPEGL is directed is |imited about 1.5Mps,
MPERX2 capabl e of conpressing noving picture data to 2-15Mops has been

- standardi zed to neet the demand for hi%her i mge quality. the inmage signa
conpressi on and expansi on technol ogi es according to MPEGL and MPE&Q whi ch
have al ready been put to practical, only a fixed franme rate is basically
enpl oyed, nanely, intervals between inmage display timngs of the
respective franes are regular. So, there are only several kinds of frane
rates, and in MPEQ a franme rate designated by a flag (frame rate code)
whi ch is treREGI (Medingt Picbtded Haparts Sebup)eidlsfannipternatiénake rates
(frame rate values) with reference to a table shown in figure 13. Under

t he exitaindag Ciredwtiinanaes a Hemoarldigyatficon coinpYieiEE4 nigs amdv expecekicer] by

t he working group for standardi zati on MPEGL and MPE&QR2 (I SO'I EC

JTCl/ SR 9maGkl s i HBAGE caft@lsemdied N Amndwing) glicepeest iand MPEE) det a
units, and realizes new functions required in the age of nultinmedia. MPEG4
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functions 0 1 SEP 200 required in tﬁ% age of mul tinedi a. NPEéA has

ori gi RRpredisThY Aatst dFdar dicdekiien oif JipRa R0e®®wtnNd /110w .bi tsimie, but
t he obj ect of the standardi zation is now extended to nore versatile inmge
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interlaced image. Also in MPE&4, when a table simlar to the table for

MPER jh68fen . 5abpbsUieES3) capadd@cd Aoy <R2INdNmd¢ing picture data
to 2~15Mbps has been standardized to meet the demand for higher
image qﬁality.

In the image signal compression and expansion technologies
according to MPEGl and MPEG2 which have already been put to
practical, only a fixed frame rate is basically employed; namely,
intervals between image display timings of the respective frames
are regular. So, there are only several kinds of frame rates,
and in MPEG2 a frame rate designated by a flag (frame rate code)
which is tfansmitted with coded data is selected from plural
frame rates (frame rate values) with reference to a table shown
in figure 13.

Under the existing circumstances, standardization of MPEG4
is now proceeded by the working group for standardization of
MPEG1 and MPEG2 (ISO/IEC JTC1/SC29/WGll). MPEG4 enables coding
and signal operation in object units, and realizes new functions

required in the age of multimedia. MPEG4 enables coding and

signal operation in object units, and realizes new functions



" . video object layer (corresponding to a video sequence of MPER), f

;
rates can be expressed according to the table. MPE&X4, however, sinéﬂqfﬁggeﬂm
signals in a broad range from an inagg signal lowbit rate to a

" ~high-quality image signal of a high bit rate are processed, the number of

frame rates required is out of count. Therefore, it is difficult to perform
decision of frane rates by the use of a table. MPEG4 enpl oys a data
structure including frane display tine data inserted in each frame, in

der .to d it I t | fofi -fE '
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begi npi ng. The header fol d by, code, SaO,_Sal, Sat, .. S
cor'r CSBRIR PEDEEST At nEh e Lo A3 Ghre b TATE . Thg5  PrOSpREtndel i, whi ch
code sequences are aryranged according to priority for transm ssion
(tran%ﬂ@%%@?%ﬁcﬁ%e@?.l¢E$ Llaced 1mag@e nunber indicating the transnission
order of data of each franme in the_ _frame sequence_correspondi ng _to_one

i mage, and2Aser iphMPES4d MheRe 8 Sablies sdddae toathend abd G AN IEESR t he

code sequences SaO, Sal, Sat, ..., San of the respective frames, display
time (refer to figure 13) is added at the beginning of a video Object

( layer (corresponding to a video sequence of MPEG2), frame rates
can be expressed according to the table. In MPEG4, however,
since image signals in a broad range from an image signal of a
low bit rate to a high-quality image signal of a high bit rate
are processed, the number of frame rates required is out of count.
Therefore, it is difficult to perform decision of frame rates by
the use of a table.

So, MPEG4 employs a data structure including frame display
time data inserted in each frame, in order to deal with almost

( . uncountable number of fixed frame rates and, furthermore, to
process an image having variable intervals of image display
timings or decoding timings of the respective frames.

Figure 14 shows a data structure of a conventional coded
image signal 200.

The coded image signal 200 corresponds to one image (in
MPEG4, a series of frames constituting an image corresponding to
one object) and includes a header H at the beginning. The heéder

H is followed by code sequences Sal, Sal, Sa2, ..., San
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data DtQ, Dtl, Dt2, ..., Dinindicating the display timngs the franmes are
arranged. The respective display tine data are foll owed by coded i mage data

. GO Cgl, Cg2, ..., Cgn Since each ofighe display tine data indicates a
-time relative to a reference the quantity of data required for expressing
this display tine, i.e., the bit nunber of the display data, increases as
the nunber of the frames constituting the inmage increases. Further, at the
decodi ng end of the coded inage signal, according to the display tinme data

Dt O J I i h ue S an corr ndi t .
respggpfkg% f%§§§¥Pf%h§§%ﬁgﬁEgﬁgﬁ'o&%éédh%ﬁ?iﬁe'V§'cgﬁ?ﬁédr%%P%%FEE%%y?ine
indicabgd by the display tine data. F qure %5 sh%ms t he _t.ransm ssi on order
and ( RRIGHFPST SEAIERCEP e BoaedaeshgeRERingorPebgaREity Eo each 1 ram
in th%lr serj.es .of franes..As.describeq abg%gf "n" jndicates the

t r ansrEOFBASS16D, (tZAGSTASSION order) g i sP ay-“or He head
frame,is 0). .Further, franmes F(n) (F(0)-E(18)) are arragnged hased:-on the
or dor LBRIPREIBS RS hEaBara SSapll CHAE T REvAA R Of GAFE TASTE: ARares] on
order%. The franmes F n% arranged in the transm ssion order are rearranged
accor Fﬁ@etﬁeHHQHGFS%P YESBPRELNG: toheNer dRBTCasaBAoRN OBy TR %8 n figure
15, resulting in frames F (n') (F (0)-F (18)) arranged in the display
or der framecdPdPngly, a franme F(n) and a frame F (n') related to each ot her
with an arrow are identical. For exanple, the frames F(O F(1), F(2), and

F(3) are i dehthitd 9%mRe £ raldshe beginnings of flie)coqde sjREIFRERS

Sa0, sal, Sa2, ..., San of the respective frames, display time
data Dt0, Dtl, Dt2, ..., Dtn indicating the display timings of
the frames are arranged. The respective display time data are
followed by coded image data Cg0, Cgl, Cg2, ..., Cgn.

Since each of the display time data indicates a time
relative to a reference time, the gquantity of data required for
expressing this display time, i.e., the bit number of the display
time data, increases as the number of the frames constituting the
image increases.

Furthér,'at the decoding end of the coded image signal,
according to the display time data Dt0~Dtn inserted in the code
sequences Sal~San corresponding to the respective frames, image
display of each frame is carried out at the time indicated by the
display time data.

Figure 15 shows the transmission order and the display
order of the coded image data corresponding to each frame in the
series of frames. As described above, "n" indicates the

transmission order, and "n'" indicates the display order (n' of



., F(3), Amongst the frames F(n) (F(0)-F(18)) arranged in the transm ssio
order, the franmes F(O and F(13) are | (Intra- picture) franes (hefﬁfhéﬁﬁéam
also referred to as 1-VOP), the frangs F(1), F(4), F(7), F(10), and F(16)
-are P (Predictive- picture) franmes (hereinafter also referred to as P-VOP),
and the frames F(2)., F(3), F(5), F(6), F(8), F(9), F(11), F(12), F(14),
F(15), F(17), and F(18) are B (Bidirectionally predictive picture) franes
(hereinafter also referred to as B-VOP). Wien the franes F(n) (F(O-F(18))

arranged in_the _trangm.sSio er_ (1.°2BBPBBPBBRB RBI rearranged in
the " BRExhBpt0Faalel BnoaaPoBRE R R et 4 11 4810y ey i,
represented hy.fra nunber s n B(O.-B(18)) . ¢corr. ondi e
respe@FF@BgFaaH§§eE?ﬁP.%$ﬁa9rﬁéf)9%egf%gﬁ% ﬁhnﬁ@?sdgiﬁ)gggg%ggégtspﬁgn
nunbers n', indicating the.displa rder. be _specifj.c, as_sho i,n figure
15 bty Leguger 15 (Hansnaps3ba edesGy olibe) TrifeR. £ift AFFPRARe Trmgs
displaﬁ cgcle L.of ,the I-VOPs is 15, and.the in&ge dispgﬁé aﬁélﬁ M of the
vops thel hERAgRASEROR PRAST. 98Fs TSAGTARECR. IBPOTHING ton NP, AhEP E¥ber
B(n)=n" is represented by the_ foll ow ng fornulae,&lé-(%% using n. B(.
B( n) =ArNERCf +the BERBER RSaRHONRaPE RAFEYEr dnnELIPESS1PnakeBULE1ng( A=n- 1
(when n is other than the above values The first I-VOP_satisfies the
condi EFamenEDI N’ ) héF[ {QOPE " (dBDer 2FRARILHC LR FRE AigPbayngreRE - p- VOPs
satisfy the condition

Accordingly, a frame F(n) and a frame F'(n') related to each

other with an arrow are identical. For example, the frames F(0),

F(1), F(2), and F(3) are identical to the frames F'(0), F'(3),

F'(l), and F'(2), respectively.

Amongst the frames F(n) (F(0)~F(18)) arranged in the

transmission order, the frames F(0) and F(13) are I (Intra-

picture) frames (hereinafter alsoc referred to as I-VOP}), the

frames F(l), F(4), F(7), F(10), and F(16) are P (Predictive-

picture) frames (hereinafter also referred to as P-VOP), and the

frames F(2), F(3), F(5), F(6), F(8), F(9), F(11), F(12), F(14),
( F(15), F(l?i, and F(18) are B (Bidirectionally predictive

picture) frames (hereinafter also referred to as B-VOP).

When the frames F(n) (F(0)~F(18)) arranged in the

transmission order (IPBBPBBPBBPBBIBBPBB) are rearranged in the

display order (IBBPBBPBBPBBPBBIBBP), this display order n' is

represented by frame numbers B(n) (B(0)~B(18)) corresponding to

the respective frames F(n). That is, the frame numbers B(n)

represent the numbers n' indicating the display order. To be

specific, as shown in figure 15, B(0)=0, B(1)=3, ..., B(17)=16,



"~ (n=MXi +1), and the B-VOPs satisfy the condition (when n is other ‘DhhnSER00

above val ues). Fornmulae (1)-(3) define the relationship B( between the
di splay order n' and the transnission7order nin the case where the code

- sequences of the franmes corresponding to the respective |-VOPs, P-VOPs,

and B-VOPs are transmtted periodically. In other cases than nentioned
above, the display order n' and the transm ssion order n are correl ated
one to one by a relational expression or a nmethod other than fornul ae

-(3)-, Figure 16 is a diagram for explaining an ex I %% n, iJe i spl ay
met h& Mherlein tRE? %ﬁéiﬁs Eket+m§%?mék§éhiﬁﬂ%xéi%2ﬁ; égnﬁ #Tiﬁbg
respective frames are variagpble. In the fi e, t'(n) (t' H;ﬂt' 1 SEP
2 indﬁbd@BSQHﬂaqqﬂeﬁmﬁﬂetﬂ&%&%ﬂYtQﬁQLQIﬁgag Rﬂﬁ(ﬁﬂh#ﬂéﬁ?ﬁﬁ ‘%ﬁﬁﬁﬁg frane
F'(n'-1) is perforned and the tine at which imge display of the frane.
F (n'of itélepéafvﬁpr?e(ﬂndaﬁal%'ft'l‘jqf’%'5'(52)3; and h'(3) indicate the times for
i mage di splay of the franes F'Sl), F(2), and F (3), respectively, with
the tinme hThe)frarei pagkerdB4p) R ofist Febresppted(by Leeafpifevinde.
Further, h(n) (h(1), h(2), h(3), h(4),...) indicates the time for imge
di splfsymyflaehd 1 )fr(sne Ws@mg (~( 1), F(2), F(3), F(4),...) with the time h' (0)
for imge display of the frane F(0)=F (0) as a reference. Accordingly,
the di spl af(0)Fe=0' (m=9)of the frame F (n') arranged in the dicspildy order
is expressed by h'(n")=h"(n"-I)+t"'(n"), and
B(n)=n+M-1 (n=MXi+l) ees(2)
wherein i and M are integers not less than 0 (0, 1, 2, ...).
B(n)=n~-1 (when n is other than the above values) eea(3)
The first I-VOP satisfies the condition (n=0), the I-VOPs
other than the first I-VOP and the P-VOPs satisfy the condition
(n=MXi+l), and the B-VOPs satisfy the condition (when n is other
than the above values).
Formulae (1)—~(3) define the relationship B(n)=n' between
the display order n' and the transmission order n in the case
where the code sequences of the frames corresponding to the
respective I-VOPs, P-VOPs, and B-VOPs are transmitted
periodically. 1In other cases than mentioned above, the display
order n' and the transmission order n are correlated one to one
by a relational expression or a method other than formulae
(1)~(3)-
Figure 16 is a diagram for explaining an example of an
image display method wherein the intervals of the image display

timings of the respective frames are variable.

In the figure, t'(n') (t'(1l), t'(2), t'(3), t'(4),...)



- h' (0)=0. Next, decoding and inmage display of the coded imge S|gnahﬂ Léyi
the data structure shown in figure 14 will be briefly described using
figure At the decoding end, when the coded i mge signal 200 shown in figure
14 is input, the coded i mage data CgO8 Cgl, Cg2,... of the respective
frames F(O0), F(1), F(2),... as the constituents the coded I mage signal 200
are decoded, and the inages corresponding to the frames F(0), F(1),

F(2),... are displayed at inage di splay tinmes h(0), h(1), h(2),... based on
t he dlsplay data Dt Q Dt 1, . of the respective franes. thIS way, even

when GRBICALER ahe BEtREFAL | #@tw@&@etaﬁsﬁwﬁ gitniigshorimage ddspday; &

frames (i mge dlsplay cycle the coded inmage signal are not fixed, i.e.

are viheaframet fé (o't13Epsopezdesmednagd hgniimes afewbdeh dmagre decodlng
end and di spl ayed prescri bed tlﬂ]ﬂg Wien the intervals between the inmage
di spl dyispilayngs shet HzamesFedni've isr prrdosmedhe 2a8ddad (iltagd '§RgnaPngr e
fixed, as in the case where the intervals are variable, the inmages
correhp@ﬁdiigdihetﬁr&hEStEmeﬁ,fp@lﬂma9€2ﬂgsplaar@fdtbﬁliyéaeéthhé)hnage
display tinmes h(0), h(1), h(2),... based on the display time data DtQ Dt1,
Dt 2, . F'¢2)thende®pédli,veebpagtivel By whethwahe whme brfoesfomgimageane rate
(nunber of franmes displayed in a second) sinply with k bits (k: natural
nunbed)spaayf oéqubec¥ramed Ff ¢0 )t asemi gedrrbnoadcaduintdperf,oh(@yartbl(d,) ,
29.97...Hz (to be exact, 30000/1001 Hz) cannot be expressed. such a frane
rate hg2¢xphes3sedhad)fol.l.owindThates the time for image display of the
frame F(n) (F(1), F(2), F(3), F(4),...) with the time h'(0) for

image display of the frame F(0)=F'(0) as a reference.

Accordingly, the display time h'(n') of the frame F'(n') arranged

in the display order is expressed by h'(n')=h'(n'-1)+t'(n’'), and
h'(0)=0.

Next, decoding and image display of the coded image signal
having the data structure shown in figure 14 will be briefly
described using figure 16.

At the decoding end, when the coded image signal 200 shown
in figure 14 is input, the coded image data Cg0, Cgl, Cg2,... of
the respective frames F(0), F(l1), F(2),... as the constituents of
the coded image signal 200 are decoded, and the images
corresponding to the frames F(0), F(l), F(2),... are displayed at
the image display times h(0), h(l), h(2),... based on the display
time data Dt0O, Dtl, Dt2,... of the respective frames.

In this way, even when the intervals between the image

display timings of the respective frames (image display cycle) of

the coded image signal are not fixed, i.e., are variable, the



" . prescribed time interval (1 nodulo time), for exanple, one second,Bik SEP 2

(

divided into N (N natural nunber) to obtain a sub-unit tine (1/N) and,
using this as a unit t (1 time of each frane is expressed for both tlck)

" - the display the i mage having variable?frane rate and the i mage having a

fixed frame rate. To be specific, as shown in figure 17(a), the display
time each of the i mges VOPO, VOP1, VOP2, and VOP3 correspondi ng the franes
F((0), F (1), F(2), and F (3) arranged the display order is expressed by y
(VOP rate_increnent) pleces of 1/N (sub- unit time) with atjnme X a a

ref ercgsiad image jssignal ks depeded At th%lld@ccmne h%mi n%&;% IRPHAY

VOP3, and VOP4, y is defined as follows: y=y'0, y=y'1, y=y'2, and y=y’ 3
respéﬂ% |&/€EPJ§ESCSEﬂDe£1)dHJJ&-’€I19:1 gure 17(c) shows a coded inmage signal 200a
having a data structure in which the inmage display timngs of the
respecti veWhenatbe ansesxplesbeywegnushagimagesdisplay Cimings/ REs&EBP and
y. The coded i mage signal 200a includes a header H containing sub-unit

ti e whspeddkivehdirames off dshel qodadirimagrirssiagnal aare obizgedi mF tHe Bid- uni t
time, and the header His followed by code sequences Sbn (SbO Sbil,

Sb2, ‘case orares fivedi ingenvale amspectiakde,f e singRs (REOJeSITIing

F(2),...). Each code sequence Sbn contains display cycle nultiplier data

Dyn (doy @heDyfiranige? F(0di ®¢ling B i spl.aypnd reisglgydd (@) the madeg 2), . . . )
whi ch  neasured by using the sub-unit tinme (1/N), and the nunber y
display times h(0), h(l), h(2),... based on the display time data
Dt0, btl, Dt2,.. of the respective frames.

By the way, when expressing a frame rate (number of frames
displayed in a second) simply with k bits (k: natural number}, a
frequency used for television broadcasting, for example,
29.97...Hz (to be exact, 30000/1001 Hz) cannot be expressed.

So, such a frame rate is expressed as follows. That is, a
prescribed time interval (1 modulo time), for example, one second,
is divided into N (N: natural number) to obtain a sub-unit time
(1/N) and, using this as a unit time (1 time tick), the display
time of each.frame is expressed for both of the image having a
variable frame rate and the image having a fixed frame rate.

To be specific, as shown in figure 17(a), the display time
of éach of the images VOP0O, VOP1, VOP2, and VOP3 corresponding to
the frames F'(0), F'(l), F'(2), and F'(3) arranged in the display
order is expressed by y (VOP rate increment) pieces of 1/N (sub-
unit time) with a time X as a reference, that is, it is expressed

by y/N. For the images VOP1l, VOP2, VOP3, and VOP4, y is defined

as follows: y=y'0, y=y'l, y=y'2, and y=y'3, respectively.



_ (11N), with the tinme X as a reference. figure 17(c), Cgn (CgO, Cgff,1 SEP 2604
Cg2,...) are coded i mage data corresponding to the respective frames F(n)
(F(0), F(1), F(2),...). However, when the image VOPO is an |-VOP (I '

- frame), the VOP2 and VOP3 are B—VODSU%B frames), and the VOP4 is a P-VOP
(P frame) as shown in figure 17(b), in the bit streamof the coded inmage
signal 200a shown in figure 17(c), the P-VOP (VOP3) and the B-VOP (VOP1)
are arranged as the code sequences of the franes F(1) and F(2) which

foll ow the code sequence of the frame F(O corres ongin to,.the |-VOP
(VOPO). A dekg4iotd biC) sShRF o verred Uhadelr ShPRRk s 092 ViRggd 93t nal

data structures described wth respect to figures 14-16. As descr,i bed
aboveStruciuseddén whigk &hgndmaget dispdayytémpngs of &858 KESRELANGe signal
having a fixed interval T of frane displa% timngs, the image display
timi nframay arecgspresand by ugpnossbe BybhuaiEntiger (14Nesefn And ¥-t he
nunber indicating the order display, and n'=B( other words, when the coded
i mage si gnathehanadwyl tiade xaonalarkien sinaludes o2 viagadey | H cconta ptrg)
signal of an image having a fixed franme rate) is decoded for display, if
t he psubeunif¥ time HakedDHi thhtyindiecatek) Ni ¢ndéugeilapudbgr )t Kerdecodi ng
end, the display tine h(n) of the n-th frame F(n) in the transm ssion
or derobtaihiéngntheebybdavitetiibg, i andetibenheaderdHspsafolhrwedaby FoHdg n'
(=B(n)) times. Neverthel ess, when decoding the coded inmage signal, there
i s noseffoeneebusbho (Pbof oBhil¢ofbR cat ¢dcorresponding to the respective
frames F(n) (F(0), F(l1), F(2),...). Each code sequence Sbn
contains display cycle multiplier data byn (Dy0, Dyl, Dy2,...)
indicating a display time h{(n) (h(0), h(l), h(2),...) which is
measured by using the sub-unit time (1/N), and the number y of
(1/N), with the time X as a reference.
In figure 17(c), Cgn (Cg0, Cgl, Cg2,...) are coded image
data corresponding to the respective frames F{(n) (F(0), F(1),
F(2)ye0-)-
However, when the image VOPO is an I-VOP (I frame), the
VOP2 and VOP3 are B-VOPs (B frames), and the VOP4 is a P-VOP (P
frame) as shown in figure 17(b), in the bit stream of the coded
image signal 200a shown in figure 17(c), the P-VOP (VOP3) and the
B-VOP (VOP1l) are arranged as the code sequences of the frames
F(1) and F(2) which follow the code sequence of the frame F(0)
corresponding to the I-VOP (VOPO).
A description is now given of the drawbacks of the image

signal data structures described with respect to figures 14-16.

As described above, in a coded image signal obtained by



-display using the display time data Dtn (DtO, Dtl, Dt2,...) i nsertled 5P 200
"the coded i mage signals corresponding to the respective frames F(n) (F(0),
F(1), F(2),...) as shown in figure 1?. Next, a description is given of the
-drawbacks of the inmage signal data s fuctures described with respect to

figures 17 17(c). As described above, in the imge signal data structure

proposed by the current MPE&X4, even when the frame rate is fixed, the

val ue of the frame rate cannot be known unl ess several frames are decoded

and, therefore,. it is difficult,to sinplify. the I rcui ruct ure fqr

ol SR G HAgE AT AT A daked b e e,
descriped. When the VOPQ.s 01 SEP 2004 12 an |-V | frame), the VOP1 and
he VaitigR, BRARPIAES TIPS N IGRE [ AR (1 1SHe R shown
in figure 17(b), since the frame F(O corresponding to the |1-VOP (I framne)
i s fdY dvien =myX Ehewhezgdnrpl) 1eokhes pymbeEg indicas ipgviebe( Pr\df—‘énﬁ% and the
frame F(2) corresponding to the B-VOP (B franme) in the bit streamthe coded
i mugalispday, 2008 TR )in figure 17 (c), e frame display cycle (1 fixed
VOP increment), i.e., the interval between the display timng of the |I-VOP
and the di 5pl ayhernvagdes vhen the| eofdag Bregep FBGPF&né?YlegngB? be known
until the franme F(2) corresponding to the B-VOP (B frane) is transmtted.

SUMVHR edF fTrame-VEraoN interyiads nt( fi-rentd wdes pednalo afolafe image

above-descri bed o ) _
having a fixed frame rate) is decoded for display, if the period

( T {the fixed display interval) is detectable at the decoding end,
the display time h(n) of the n-th frame F(n) in the transmission
order can be uniquely decided by increasing the display interval
T by n' (=B(n)) times. Nevertheless, when decoding the coded
image signal, there is no choice but to perform complicated
display using the display time data Dtn (Dt0, Dtl, Dt2,...)
inserted in the coded image signals corresponding to the
respective frames F(n) (F(0), F(1), F(2),...) as shown in figure
14.

(f' Next, é description is given of the drawbacks of the image
signal data structures described with respect to figures 17(a)-
17(c).

As described above, in the image signal data structure
proposed by the current MPEG4, even when the frame rate is fixed,
the value of the frame rate cannot be known uniéss several frames
are decoded and, therefore, it is difficult to simplify the
circuit structure for implementing the actual decoding process.

This problem will be briefly described. When the VOPO is



- problenms and has for its object to provide an inmage signal data q}ﬂu@EQrHH
whi ch enabl es a reproduction process including decoding and inmage display
for a coded i mage signal having a fjxed cycle reproduction for each franme
-at the decoding end, such as a fixed“frame rate (cycle of inmage display for
each franme) by using a sinple hardware structure, and al so enables a
reproduction process for a coded i mage signal having a variable cycle
reproduction for each frame, such as a variable frane rate. Another object

of the_present invention is provi ap.l e _cqdj hod_and,an i mage
codPHgIéﬁﬁ ré&ugréﬂﬁéblghﬁeng}nPﬂé gﬁeiﬂgggagﬁﬁiﬁ§b§?822559ﬁﬁW8ﬁ)énables a
reproducti on ﬁrocess i ncl udi.ng decodi ng ﬁnd inag%.disgli% Lgr a.coded
i rag89d §P§n¥PPRaYFNE B'Vp?e&Pc§EP@eéfaFeﬁ BB EPoRLEBF S A2 hPF ¢ aiRDGE t he
SEP 2004 13 decoding end, such as a fixed frane rate chclg g& inage
di sphayfreme E4Ch FPEREFPBPILRANGCatEPBrECRak dunhremey 48t §PE1OWRE al so
enabl es a reproducti on process for a coded i mage si%nal having a variable
cycbg bher EprmauE(ldncerbresneRdipgnto EhenPa¥0K (Br fapMe) fRdnEPfate. Stil
anot her object of the present invention is to provide an inage decoding
net AsananB(3h ¢eagesHerddnggtappbheaBu¥ORapBEEaPe) f dRntRE BATagthrale
reproduction process ingluding decodi ng and image display for a coded image
si gpél thaceodeidnimegewhignat 20Ppa ehevn dr Fégnubaut?iGh,fbhechEATBranme is
variable or not. Yet another object of the present invention is to provide
an dhspbayi gnaledal afsxedcVoPeinprenenhibl ésedet EBei bhtervahebelyead of a
frame rate or the like of a coded inmage signal having

the display timing of the I-VOP and the display timing of the

following B-~VOP (B frame), cannot be known until the frame F(2)

corresponding to the B-VOP (B frame) is transmitted.

SUMMARY OF THE INVENTION

The present invention is made to solve the above-described

problems and has for its object to provide an image signal data

structure which enables a reproduction process including decoding

and image display for a coded image signal having a fixed cycle

of reproduction for each frame at the decoding end, such as a

fixed frame réte (cycle of image display for each frame) by using

a simple hardware structure, and also enables a reproduction

process for a coded image signal having a variable cycle of

reproduction for each frame, such as a variable frame rate.

Another object of the present invention is to provide an
image coding method and an image coding apparatus capable of
performing an image coding process which enables a reproduction

process including decoding and image display for a coded image

signal having a fixed cycle of reproduction for each frame at the



. a fixed frame rate or the |like before decoding each frane, sinplfﬂiEsSEP 200!
various hardware structures for inplenenting a reproduction process

i ncl udi ng decodi ng and i nage display. and A further object of the present
~invention is to provide an i mage codih$ nethod and an i mage coding
apparatus capable detecting the value of a frane rate or the like of a
coded i mage signal having a fixed frane rate or the |i ke before decoding
each frane, and perform ng a reproduction process including decodin and

i mage display for the coded inmage signal by a sinple harqware .strycture. A
stil | dpgpdhBg BBfecBuSh BRedpifdXen: frARBNERSR (SYFde B%o&@ﬂ&eaﬂlﬁﬁiag
decodi ng nethod and an i mage decodi ng apparatus SEP 2004 14 capabl e of
accur £pt| pagBc6upng)t h¥ vsded ﬁnﬁg@PngﬁéFdUBF§iﬁ%Huﬁﬁur?hea§909é58escribed
codi ng process. Another object of the present invention is to provide a
dat a enabige aetepneduatipni pyogessdéari aagededgABRIRadiiggadnhBaving a
above-descri bed data structure, and a data storage medi um containing an

i mgevpriaebiei agcpeogfanepvrdugpliieneficengachi tkame,csnpht @, at yariable
above-descri bed i mage codi ng- method and i mage decodi ng nethod. O her

obj ecksamadratieant ages of the invention wll become apparent fromthe
detail ed description that follows. The detailed description and specific
enbodi ment stdidslc rd noethear eob raviale dlon|prdsent | insneionnisitte exeridas
additions and nodifications within the spirit and scope of the invention
wi || appanagé 8ecbiidng métbhkil hninahhémage Aecntdihg dppakhéus capable

of performing an accurate reproduction process including decoding
and image display for a coded image signal, according to whether
the cycle of reproduction for each frame is variable or not.

Yet another object of the present invention is to provide
an image signal data sﬁrﬁcture which enables detection of the
value of a frame rate or the like of a coded image signal having
a fixed frame rate or the like before decoding each frame, and
simplifies various hardware structures for implementing a
reproduction process including decoding and image display.

A furfher object of the present invention is to provide an
image coding method and an image coding apparatus capable of
detecting the value of a frame rate or the like of a coded image
signal having a fixed frame rate or the like before decoding each
frame, and performing a reproduction process including decoding
and image display for the coded image signal by a simple hardware
structure.

A still further object of the present invention is to

provide an image decoding method and an image decoding apparatus



. description. According to a first aspect of the present inventionﬂ $Q§§ezmm
I's provided a data structure of an inage signal for which inmage

reproduction of each frane is perfornﬁg at a prescribed cycle, and the

- image signal data structure includes reproduction cycle identifier

I ndi cati ng whether the cycle of inage reproduction for each frane is
variable or not. Therefore, when the reproduction cycle for each franme is
fi xed, reproduction of the inmage signal, such as decoding of the coded

I mage _Si | and_di spl of .the . .decoded i e.signal . rfaroed b
a sinﬁPBgESFCBEtachEﬁgﬁﬁqueﬁoflgﬁP%gﬁoC?gggc&Hﬁgpnalgggi §§E§§8€§s§§ct gf
t he presené i nvention, i.n the inmage signal data structure of the first
aspecthet OVPéEﬁBHE&PPBnCBQ&PE PﬁgﬁFFFFer is a display cycle identifier

i ndi cati ng whether the cycle of inmage display for each frame j vari abl e
or not. Thé¥¥¥idieE Unse l%fi%é"?ﬁ%%}%yﬁb‘ig‘?‘élqrbrls L PH9 i% fixed,

di spl ay of decoded data obtai ned by decoding, the coded_image sigpal can be
per f ofldta SyoragePedium, egntalgipgcayfeded iBrarn§lyBal Pﬁgiﬂga BEct of
the present invention, the image signal data structure of the second i
aspec@bevierdasgribedxdatadsspraluegel anfdandptaeFtrrasealedd™hat the cycle
of image display for each franme is fix the display cycle identifier
di spl egntginiéndasn iRAgeaPrageshéngypregsan fingeinpipnapting, cHdhh frane;
and frame position data corresponding to each franme and indicating the
posi t tonputexr) athenshepeofiesaribed anmagprt godhng method and image

decoding method.

Other objects and advantages of the invention will become
apparent from the detailed description that follows. The
detailed description and specific embodiments described are
provided only for illustration since various additions and
modifications within the spirit and scope of the invention will
be apparent to those of skill in the art from the detailed
description.

According to a first aspect of the present invention, there
is provided.a data structure of an image signal for which image
reproduction of each frame is performed at a prescribed cycle,
and the image signal data structure includes a reproduction cycle
identifier indicating whether the cycle of image reproduction for
each frame is variable or not. Therefore, when the reproduction
cycle for each frame is fixed, reproduction of the image signal,
such as decoding of the coded image signal and display of the

decoded image signal, can be performed by a simple circuit

structure.



. previous and subsequent franmes. Therefore, when the inmage displayﬂcycggp 200
for each frame is fixed, the timng of inmage display of the frame can be
defined according to the display cycle data and the frane position data.
- According to a fourth aspect of the Pesent i nvention, the inmage signal
data structure of the second aspect includes a variable display cycle
identifier indicating that the cycle i mge display for each franme is
vari able, as the display cycle identifier; and display timng data

i ndi cating_the ti.ming which inmage displa each fr [ rfornqed, the
I ng. ber AGSBTHL8En oo Fe SRR Peper, oty the " Bitsentod W Bk T 1
selected fromat, |l east. one reference ti according tao each frane.

Ther R el,mmrﬁjtgféaafn%@ cﬁ?ﬂ‘?%@”&?c‘?% tfnrg‘? t f?%ﬁécjf'sa@é?i abl e, the
timng inmage display of, the frane can be, defi ned cconfi .10 the display
ti m EREAMHCHER [N GLE tHent 1519 dhet tdHPIIE e mIsHEMTon, in the
i mge signal data structure of the first aspect, the reproduction. cycle

i dentindigating RRNBHERS ¥l | mage Jivplay i#fgrﬁ%fhe’ffr&lﬂiﬁe cle of
decodi ng of a coded inqge signal corresponding to each frang is variable
or nofarighkefer aohhenThereieree odvigh chle elmayge cdbFPRvnEYFLe 1%,
decodi ng of the coded inmage signal can be perforned by a sinple circuit

st r uctaghe fragorid njited a %%lﬁﬂ}‘e(ﬁe‘%ﬁdﬁcﬁéﬂa}ﬁ%@ﬁalmﬁﬂsrﬁﬁ stecadidd i mage
signal data structure of the fifth aspect includes a fixed decoding cycle
i denttitfé arodediiigmade ¢ ignal (9an B |performesbh@ SMPlEGiiG% e is fi xed,
as the decoding cycle identifier; decoding cycle data indicating the cycle
{of dedotiatprerr each

According to a third aspect of the present invention, the
image signal data structure of the second aspect includes a fixed
display cycle identifier indicating that the cycle of image
display for each frame is fixed, as the display cycle identifier;
display cycle data indicating the cycle of image display for each
frame; and frame position data corresponding to each frame and
indicating the positional relationship of each frame with the
previous and subsequent frames. Therefore, when the image

{ display cycie for each frame is fixed, the timing of image
display of the frame can be defined according to the display
cycle data and the frame position data.

According to a fourth aspect of the present invention, the
image signal data structure of the second aspect includes a
variable display cycle identifier indicating that the cycle of
image display for each frame is variable, as the display cycle
identifier; and display timing data indicating the timing at

which image display of each frame is performed, the timing being



. frane; and frane position data corresponding to each frane and (i nldiS&at 26
the positional relationship of each frane with the previous and subsequent
frames. Therefore, when the decodi ng ycle for each frane is fixed, the

- timng of decoding of the franme can %é defined according to the decoding
cycle data and the frane position data. According to a seventh aspect of
the present invention, the inage signal data structure of the fifth aspect
includes a 0 1 SEP 17 vari abl e decodi ng cycle identifier indicating that

the cycle decoding for eagh fra .S _variab a cQdj
ident¥?¥eF?f3ﬁﬁvaggoana ﬁ?ﬁ%ﬁaggﬁ?ieF%HF%a%iﬂﬁ ?ﬁéggF%§n§99ﬂ?%ﬁygé§85ing
of each fra is perforned, the tipmng_ bei set | ati_vel ired

r ef er BRGeT ¢ ﬁEegﬁgegfﬂa ?FSﬂFgfnﬁegétgﬁﬁE g?@?@renﬁgeFFééFeéc%ﬁng%gato
each frane. ' Therefore, _when the d%codin cycle %gr each %rane i s.vari abl e,
the tiRerag S4SBLRBAFRGLIE FRE PRGHe EamenLs (KATHaRLSe cohg P89t RE decoding
timng data., According to_an eighth aspect of the resenﬁ i pvention, there
is prbW@ﬂ%ddéﬁpiﬂﬁg@fch?nﬁrﬁﬁﬁhgﬁnfB? 488+ RgdaRCrARgEnNd s angpe
corresponding to a specific inmage to generate a coded image signal, and
out pudisphay heimbrgddakdge si gnal together with a reproduction cycle
identifier indicating whether the cycle imge reproduction for each of

frames condcordifg thee § feddh fsraat & &£her F&sent MY & od ™ when an

i mage signal having a fixed cycle. of inmage reproduction for each franme is
i nputthe imegeishgeali dabk sbraetepdcal therHirRt| 39PRGE! etBBta and frane
position data are output together with the reproductjion cycle identifier,
(t he reepredectben cgyebe didanthfient ingatAecegene cycle identifier
indicating whether the cycle of decoding of a coded image signal
corresponding to each frame is variable or not. Therefore, when
the decoding cycle for each frame is fixed, decoding of the coded
image signal can be performed by a simple circuit structure.
According to a sixth aspect of the present invention, the
image signal data structure of the fifth aspect includes a fixed
decoding cycle identifier indicating that the cycle of decoding
for each frame is fixed, as the decoding cycle identifier;
( decoding cyéle data indicating the cycle of decoding for each
frame; and frame position data corresponding to each frame and
indicating the positional relationship df each frame with the
previous and subsequent frames. Therefore, when the decoding
cycle for each frame is fixed, the timing of decoding of the
frame can be defined according to the decoding cycle data and the
frame position data.

According to a seventh aspect of the present invention, the

image signal data structure of the fifth aspect includes a



| mage reproduction for each frane, and the franme position data 0 1 SEP 0
cofresponding to each frame and indicating the positional relationship of
each frame with the previous and subspguent frames. Wien an inage signal

- having a variable cycle of imge reproduction for each frame is input as
the image signal to be coded, reproduction timng data is output together
with the SEP 2004~ 18 reproduction cycle identifier, the reproduction
timng data indicating the timng at which image reproducti on of each

franev%#faﬁg f?égggi?érggﬁigjﬂgeﬁﬁifﬂe§einaféﬁiiﬁglMh&? ghdesyced Hef erence

time serec romat~| east one reference t according to each franme. In
For SRt Pisotahaeain Fhal L8 kAP 1aBLHT o Re CHE e ths PF e
Fopr ottt SRiSET g arcbiiRor PinEiacdara, MAELIEInY e Blddpent I N0 The
I SPLE, o Be A Gk B D S e R b B satly b ¢
ropr O SYELYCFS SaieRbr B FOFRERTTR FEccorEoNaRRor a8 2FnEBa%h.208 i onal
| hod SRR R Rk O RCEREILRGHER SeRBcErabRe [ SpPERLGEFonIEgcERe |
| mQAUREbig FHrLaLERY (AR TSR LAoTRr kD LDt LAY ECIRRC A0S o
(1 am@ G TS S| GAE LR AGCURTAT S0 EBF AJeTTRrng BUbE T ERt | ng
the tlnlngaggagyiﬂ; to an eighth aspect of the present invention,

there is provided an image coding method for coding an image

signal corresponding to a specific image to generate a coded

image signal, and outputting the coded image signal together with

a reproduction cycle identifier indicating whether the cycle of

image reproduction for each of frames constituting the image is

variable or not. In this method, when an image signal having a

fixed cycle of image reproduction for each frame is input as the
( - 1image signai to be coded, reproduction cycle data and frame

‘position data are output together with the reproduction cycle

identifier, the reproduction cycle data indicating the cycle of

image reproduction for each frame, and the frame position data

corresponding to each frame and indicating the positional

relationship of each frame with the previous and subsequent

frames. When an image signal having a variable cycle of image

reproduction for each frame is input as the image signal to be

coded, reproduction timing data is output together with the



. image display of each frame is performed, the tining being set ifeliaSEPelid
to a desired reference tine selected fromat |east one reference tine,
according to each frane. Therefore, en the display cycle for each frane

- is fixed, the bit nunber required SEP°2004 19 for setting the display tine

can be reduced and, furthernore, display of the imge having a variable
frame display cycle can be perforned in the sane nanner as the
conventional display. According to a tenth aspect of the present invention,

in the i e codi ng .net.hpd of ..t he ei.ghth aspgct,.. the r |on cycle
ident’??ﬂré??‘g%tlé’rh ihg" tlleflﬁfe’ntqi}% erreﬁrﬁp %éﬁﬁoﬁb%ﬂﬁg{q?gc%q{*e cycl e of
decodj ng of coded image data cqr.respondi ng each frame is.vari.ahle or not;
Lhe rapHGRRGHIFRS A e &Y SRistodmg S RaRE GRS O S (et cl e of
decoding for each frane; and the reproduction timng daja. s decoding
tim A e oumed c fheh FifHd'g RRRG e?Mﬁéi??i&é?ﬁ ﬁﬁ’&*%%ﬁEH“¥fane i s
performed, the timng _being set relatively to a desired reference e
sel ediefenangs finefalested Framedde 18a7E OR& FSHFHERS &4+ r ame.
Thereby, when the decoding cycle for each frame is fixed,, the bit, number
r equIACSPTAING & ieR§h Ha alheoodi HYy i nathadn an (Wage SHii st AERE and,
furthernore, decoding of the immage having a variable frane decoding cycle
can ke vearipdleegviole iof inage rapreduss iofe foshwaeh Sfamed&asuiany.
According to an el eventh aspect of the present invention, there is
pr oviigedgieass iianade haecad ﬁg%ﬂqdo@yr&e @dcdTags FepFOeRCtinge fOTg A ch
i ncl udes coded i mage data corresponding franes constituting an inmage, and a
(T epr ddaot eanc sl eadéshttiogesner mitdbadadg ipeirat inge thc repsPrdufdgen
reproduction for each frane

timing of each frame according to each image signal. Therefore,

when the reproduction cycle for each frame is fixed, the bit
number required for setting the reproduction time can be reduced
and, furthermore, reproduction of the image having a variable
frame reproduction cycle can be performed in the same manner as
the conventional reproduction.
According to a ninth aspect of the present invention, in

the image coding method of the eighth aspect, the reproduction

{  cycle identifier is a display cycle identifier indicating whether
the cycle of image display for each frame is variable or not; the
reproduction cycle data is display cycle data indicating the
cycle of image display for each frame; and the reproduction
timing data is display timing data indicating the timing at which
image display of each frame is performed, the timing being set
relatively to a desired reference time selected from at least one
reference time, according to each frame. Therefore, when the

display cycle for each frame is fixed, the bit number required



is variable or not. In this nethod, when the reproduction cycle UdEnSERi¥w4
i ndi catés that the cycle of image reproduction for 1 SEP 2004 20 each frane
is fixed, decoded i mage data obtaineq by decoding the coded inmage data

- corresponding to each franme becones iﬁbge data having a reproduction
timng which is decided according to reproduction cycle data indicating the
cycle of inmage reproduction for each frane and franme position data
indicating the positional relationship of each frane with the previous and
subseguent frames, which data are included in the_ cqoded i gnal . \Wen
Che" TR GUEEE B9 Lyt GLTRLAY FEBE FRt BG.beddned afRe FybPROEporkace
reproductjon for each frane is variable, _decoded ipa data obtain by
decodiHgPLae %BdE@eiH%%%edgﬁﬁFnﬁo?r%%ﬁb%ﬁi%gf¥%m%agﬁsgfgﬁec¥%£?n%%%egﬁta
having a reproduction timng decided according to reproduction timng data
whi chPeEtoFmed dby the t FRL JRNPFed® Elilﬁn%?n‘é%’gt?-%?fa%‘%!’fﬂ?é- tini ng which
i mage reproduction of each frane is carried out, the timng, being set

rel ati vel yAC6oxddasy ted ar &edtdn @speche ofe 0@ BF S5 VY 0

reference tinme, according to each frame. Therefore, reproduction of the
codecdthernimage geeding meethpd Eicthali etolbl aspept aythe shepEcdictictel v
perfornmed according to whether the reproduction timng of each frame of

t he coyieleiideptifymalis 2 decodine eyckotidepbbiieRgladle@tRIfth aspect

of the present invention, in Ohe inage decoding nethod of the el eventh
aspecthetlrer thereyitke oh dgcrding e idoded | tnage dprayCRUEPLPIYERRI i er

i ndi cating whether the cycle of inmge display for each frane is variable
(Or notq edeh répameluts i virgele etrots theprepregeseion cycle data is

deCodihg cycle data indicating the cycle of decoding for each
frame; and the reproduction timing data is decoding timing data
indicating the timing at which decoding of each frame is
performed, the timing being set relatively to a desired reference
time selected from at least one reference time, according to each
frame. Thereby, when the decoding cycle for each frame is fixed,
the bit number required for setting the decoding time of each
frame can be reduced and, furthermore, decoding of the image

( © having a vafiable frame decoding cycle can be performed in the
same manner as the conventional decoding.

According to an eleventh aspect of the present invention,
there is provided an image decoding method for decoding a coded
image signal which includes coded image data corresponding to
frames constituting an image, and a reproduction cycle identifier
indicating whether the cycle of image reproduction for each frame
is variable or not. In this method, when the reproduction cycle

identifier indicates that the cycle of image reproduction for



- image signal can be accurately per

-1 SEP 2004 data indicating the cycle of image display for each fré}’ré‘;sgrﬁ’dz{mlt

the reproduction tinmng data is display tinming data indicating the timng

at which i nage display of each frags is performe Therefore, display of the
ormed according to whether the display

timng of each franme the coded inmage signal is variable or not. According

to a thirteenth aspect of the present invention, in the i mage decodi ng

nmet hod of the el eventh aspect, a decoding timng at which decodi ng of each

frame.,is.carri.ed Qut is se dj.n ' My f ura
fréﬁ¥%?iqﬁﬁnﬁﬂfﬁb:é;¥edjbf%%(x¥$£ﬁéyﬂdft%Eh%%g%ﬁggﬁ%#%éﬁé?%?éﬁgéhﬁ)Eﬁﬁ)/

di spl but als decodi ng of..each fra e.carried .out ding to

t hé’%‘ﬁ/dsdin%g% |Cﬁf\tﬁ‘g PHEESERA H; teoaq:} Eo%r“?ee rﬁ%{?“{é{spec %%a%?{ea pr gsent

i nyention, in the inmage decoding .method of .the, thirteenth aspect, based on
{ nOAHIGE 2y TN AHCE GAIg QIR W ARE R ATSRORDyY i ng data o
the next_frane transmtted suhsequently to the j.ect frame, the decodin
t i FRSRFWGtHEIGYSdE [datde 3 1§é’t%’é‘cg (,fﬁe[ i t‘ﬁg{m}ageearl ier, by a °
prescribed offset tine, than the _earlier display timng hetween the
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decodi ng of each frame can_ be perforned according. to the display timng
datthe Wosiddoenalngediafdonsdin of soch Haap Wﬁb%&ené’rﬁvﬂt"é’%taﬁydas pect of

the present invention, in the i mage decodi ng net hod of the,fouz;eenth

as pads eaNest iframpsgEphigh sata are included in the coded imag

( signal. When the reproduction cycle identifier indicates that
| the cycle of image reproduction for each frame is variable,
decoded image data obtained by decoding the coded image data
corresponding to each frame is image data having a reproduction
timing decided according to reproduction timing data which is
included in the coded image signal and indicates the timing at
which image reproduction of each frame is carried out, the timing
being set relatively to a desired reference time selected from at
least one reference time, according to each frame. Therefore,
g'.reproduction of the coded image signal, including decoding and
display, can be accurately performed according to whether the
reproduction timing of each frame of the coded image signal is
variable or not.
According to a twelfth aspect of the present invention, in
the image decoding method of the eléventh aspect, the
reproduction cycle identifier is a display cycle identifier

indicating whether the cycle of image display for each frame is

variable or not; the reproduction cycle data is display cycle
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. display timng of the object frane is earlier than the display timng of
the next frame, the offset time is set to a length |onger than the tine
required for decoding the object fr ; and when the display timng of the
-next frame is earlier than the dis y timng of the object franme, the
offset time is set to a length |longer than the sumof the tinme required
for decoding the object frame and the tine required for decodi ng the next
frame. Therefore, decoding of a coded i mage data corresponding to a

series of ,franmes.includin - VOR and B- VOP_as || - an rfornmed
acco &Fﬁg1991Fﬁ21895ﬁﬁ&yCgFEFndeépﬁgeAgégpgﬁﬁg%P5 §3§bx¥g§ﬁ%h gggect of
the present invention, .in the imge decodi ng, nethod ,of the .el eyenth aspect,
t he tp@pFSBEBFPGFlBQCFémFBQnsﬁFPegsi 18P 8¥o&%ﬂ@“8yéﬁgai&EH%FF|éﬁg

i ndi cating whether the cycle of ,decoding of coded i mage_data__cqrrespondi ng
to ekbg tAmdng 3tyYhish amgeEengisSPLR¥ ngﬁﬁﬂﬁc F8W90§glgeﬁ PﬁmFg‘decoding
cycle data indicating the C¥C|e decodi ng for each frane; aﬂd t he

r epr Bheceforeri Aiaglayt afj $heqdmadrn§ioRalngadabs PREPLALELY the timing at
whi ch decoding each frame is_perforned. Therefore, decoding of the coded

i mmgperspgmer éﬁﬁosélachPaWBﬁyhﬁérFB?H@&SEééMrHﬁﬂﬁnﬂooﬁhggﬁﬁrfFﬁ@e
decoding timng of each frane of the coded image signal is variable or

not . ofictbedradedoinagevengaaht hsa¥pséabde PEeNBfesent invention, the image
signal data structure of the first aspect further includes sub-unit tinme
dat a i ndi dmdondine termtthisrtepntiib-asnec % the \pretens IHahan by

dividing a prescribed tinme interval into N (natural nunber), bé_the
(hat uial thentmagh, denddingprethedi of thel elaurrtpl pEPeahy a2 deredindg t hat
the cycle

timing at which decoding of each frame is carried out is set
according to display timing data of plural frames including an
object frame to be decoded. -Therefore, not only display but also
decoding of each frame can be carried out according to the
display timing data.

According to a fourteenth aspect of the present invention,
in the image decoding method of the thirteenth aspect, based on
the display timing data of the object frame and the display

{ © timing data 6f the next frame transmitted subsequently to the
object frame, the decoding timing of the object frame is set at a
timing that is earlier, by a prescribed offset time, than the
earlier display timing between the display timings of the object
frame and the next frame. Therefore, decoding of each frame can
be performed according to the display timing data, without
impeding the flow of display.

According to a fifteenth aspect of the present invention,

in the image decoding method of the fourteenth aspect, when the



| mage reproduction for each frame is the sub-unit time nmultiplied ﬁb; §EP 200
(natural number), by the nmultiplier M Therefore, when a coded image

signal having a fixed frane rate igyprocessed, the value of the frane rate
can be detected before decoding eac frame, whereby various hardware
structures for inplenenting reproduction including decoding and displ ay

can be sinplified. According to an eighteenth aspect of the present
invention, in the inmage signal data structure of the seventeenth aspect,

| ndhisb TR St hfor Y Fhe bEFELY; FPambs 1§, EapaBy PHERCChEPOAEbEY i bl
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B B B A
ggﬁiﬂ?ﬁFeiZﬁmzlﬂE?eFPff?:gérEgﬁggrﬁarﬁﬂéraggéaﬁegughg FS?EiﬁB?% nting
 nIBREPAES, 1487180 P BVR (EAOSA HAGE BHRNGOREERBENTLRSCHRIAg an | mge

series of frames including P-VOP and B-VOP as well as I-VOP can
be performed according to the display timing data.

According to a sixteenth aspect of the present invention,
in the image decoding method of the eleventh aspect, the
reproduction cycle identifier is a decoding cycle identifier
indicating whether the cycle of decoding of coded image data
corresponding to each frame is variable or not; the reproduction
cycle data is decoding cycle data indicating the cycle of

('Ldecoding for each frame; and the reproduction timing data is
decoding timing data indicating the timing at which decoding of
each frame is performed. Therefore, decoding of the coded image
signal can be accurately performed according to whether the
decoding timing of each frame of the coded image signal is
variable or not.

According to a seventeenth aspect of the present invention,
the image signal data structure of the first aspect further

includes sub-unit time data indicating the length of a sub-unit
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- signal corresponding to a specific inmage to generate a coded inmage signal,
and outputtlng the coded image signal together with a reproduction cycle
identifier indicating whether the cyc i mage reproduction for each of
- frames constituting the image is variable or not. this nmethod, when an
I mage signal having a fixed cycle of inmage reproduction for each frane is
I nput as the inmage signal to be coded, sub-unit tinme data and reproduction
cycle nultiplier data are output together with the reproduction cycle
i dent | fler ndicating the,length a sub-unit tine
uht ontia€onaPRedSngbirinaigYs awégépsbadprgﬁsrlPﬁﬁe?ﬂF TREEZKEtnat ur al
nunber,), by the nat raI unber nd the reprodyctign cycle multiplier
dat a FﬁﬁpcﬁtKH@tPﬁa Eereanﬁgs P@ﬁPS&E eFoP;eﬁgﬁ frane is the
sub-unit tinme nulti Iled b &natural nynher), by the nu t| f M
ThereFSPEOdu%éﬂnaCESEIQdeXr&éE %Pﬁné?tﬁa%ﬁécatﬁpﬁeﬁhﬂa ey Y‘E ggotf
processed, the value of the frame rate can be detected before_decodin
each lmaaﬁeremﬁe%ﬁpmepifeaueﬁpanfrﬁ@r-'uaﬁnaheeéeerﬁglsn‘aua?sw%&leéheee
performed with a sinple hardware structure. According to a twenty-first
aspechytMe(patusal nwpkar)enbyi AhenBulkapgdiesdMng FBERBECER,t WBSRW@Nti et h
aspect, the 01 SEP 2004 25 reproduction cycle identifier is a display cycle
i dent Foded imagecaionalvhevheg ahéixgd| éramei rafe #Fspragessedeathefrane is
vari able or not; and the reproduction cycle multiplier data is display
cycleVatUE|@flbhedérem&hréhelﬂanchﬁedetﬁﬁteﬂhbe€9€¢ed$%%@hnﬂl%®¢hy for each

frame is the sub-unit time nmultiplied by M
‘ frame, whereby various hardware structures for implementing

reproduction including decoding and display can be simplified.

According to an eighteenth aspect of the present invention,
in the image signal data structure of the seventeenth aspect, the
reproduction cycle identifier is a display cycle identifier
indicating whether the cycle of image display for each frame is
variable or not; and the reproduction cycle multiplier data is
display cycle multiplier data which indicates that the cycle of
image display for each frame is the sub-unit time multiplied by M
(natural nuﬁber), by the multiplier M. Therefore, various
hardware structures for implementing image display can be
simplified.

According to a nineteenth aspect of the present invention,
in the image signal data structure of the seventeenth aspect, the
reproduction cycle identifier is a decoding cycle identifier
indicating whether the cycle of decoding for each frame is
variable or not; and the reproduction cycle multiplier data is

decoding cycle multiplier data which indicates that the cycle of



. (natural nunber), by the nmultiplier M Therefore, various hardware( | SEP 2¢
structures for inplenenting display at the decoding end can be sinplified.
According to a twenty-second aspect of,the present invention, in the image

- coding nethod the twentieth aspect, the reproduction cycle identifier is a
decodi ng cycle identifier indicating whether the cycle of decoding for each
frame is variable or not; and the reproduction cycle nmultiplier data is
decoding cycle rmultiplier data which indicates that the cycle decoding for
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Is fixed, decoded inmage_data obtained by decqding the
( a reproduction cycle identifier indicating whether the cycle of

image reproduction for each of frames constituting the image is
variable or not. In this method, when an image signal having a
fixed cycle of image reproduction for each frame is input as the
image signal to be coded,lsub—unit time data and reproduction
cycle multiplier data are output together with the reproduction
cycle identifier, the sub-unit time data indicating the length of
a sub-unit time which is obtained by dividing a prescribed time
interval into N (natural number), by the natural number N, and

(" the reproduétion cycle multiplier data indicating that the cycle
of imagé reproduction for each frame is the sub-unit time
multiplied by M (natural number), by the multiplier M. Therefore,
when a coded image signal having a fixed frame rate is processed,
the value of the frame rate can be detected before decoding each
frame, whereby reproduction including decoding and display can be
performed with a simple‘hardware structure.

According to a_twenty—first aspect of the present invention,

in the image coding method of the twentieth aspect, the
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. coded image data corresponding to each frame nakes inmage data having a
reproduction timng which is decided according to the sub-unit tine data
i ndicating the I ength of the sub-uniE5tine and the reproduction cycle
mul tiplier data indicating the cycle”i'mage reproduction for each frane.
Therefore, when a coded inmage signal having a fixed frame rate is
processed, the value of the franme rate can be detected before decoding
each frane, whereby the hardware structure at the decoding end can be

sinplified Accordj t { tyv-f.ourth th et i nvention
in t ER %t@%ogy%e%%gﬁ%ﬁel V\a/er%]?/ssfﬁ%& ﬁcéfpéﬁnﬁh?gﬁrepr oducti on
cycle identifier.ig.a displa ycl e JddentifJer indicat] er. t he
cycl 593G éﬁhs%lhff 5t ecé(cﬁﬁlef roaqﬂ%g%éijisa%ag} ?ro(iﬂoetag&a#}e#%e id
reproductiqn cycle nmultiplier data is .display cycle.ml.tipljer data which
| ndi SRR 0T 0T o A T SRRSO S ST L M tbden SR b- uni ¢
time nmul tiplied_by M.(natural nunber)., by the multiplier M Therefqgre, the
i QRSP 1SHT IR T LI AR I b ot e b YRk GBS SV e
According tg a_twenty-fifth aspect, of the present .i.nvention, .SEP, 27 in the
g G AP IR, ROY SR TEE i (e FURHREE, tife Rrgriaed o Hol o
identifier is a decoding cycle identifier indica%%gg whet her the cycl e of
decodidurgd yEker)anmy £he, Mligipd 16T dbt ;. HHRF I Se IR RH™E on cycl e
mul tiplier data is decoding cycle nultiplier data which indicates that the
cycl Qarduass EINGUEEsh TP Alplemend ingy ddfnlay; At ey dgcrddngy apd

(natural number), by the multiplier M Therefore, the hardware structure
(for gadosiengimplifdedecodi ng end can be sinplified.

According to a twenty-second aspect of the present
invention, in the image ching method of the twentieth aspect,
the reproduction cycle identifier is a decoding cycle identifier
indicating whether the cycle of decoding for each frame is
variable or not; and the reproduction cycle multiplier data is
decoding cycle multiplier data which indicates that the cycle of
decoding for each frame is the sub-unit time multiplied by M
(natural number), by the multiplier M. Therefore, various

(  hardware structures for implementing decoding can be simplified.

According to a twenty-third aspect of the present invention,
there is provided an image decoding method for decoding a coded
image signal including the following data: coded image data
corresponding to frames constituting an image; a reproduction
cycle identifier indicating whether the cycle of image
reproduction for each frame is variable or not; sub-unit time
data indicating the length of a sub-unit time which is obtained

by dividing a prescribed time interval into N (natural number),



According to a twenty-sixth aspect of the present invention, thereﬁil SEP 20
provi ded an i mage codi ng apparatus for coding an i mage signal ,
corresponding to a specific inmge, agd the apparatus conprises an encoder

- for coding an input inage signal and outputting coded i nage data; a cycle
decision unit for deciding whether the cycle of image reproduction for

each of franmes constituting the inage is variable or not, based on the

i mge signal, and outputting a reproduction cycle identifier indicating

the nesylls %aél%eaeldgg{n?%éﬁ]a ddd Sfe;ﬂzaétﬁmqfﬂﬁ{ A1 d W 9SS AL Mhta

reprocguction ¢ _ batlng the cycle of “image reproduction for
Sgﬁgﬁg{qaﬁ%mﬁgﬁﬁegn a éar@fggjfll?é p?rleéﬁlﬁogdl%&(ea;gh% geﬁagﬁgﬁf I ndi%ﬁ[i ng
Framite sty Wi A e of SR " Gar AR OR R, S e e
epr ARIECET oM oact (VA Tt i ¢ wiebUe At L A o rage
oher SR Moo Ay e A 17k Rt "Rt SO G e wher e
ycl Eadtoitamers Firedocsnodsd taranida iAo P Yo PR e
position data and the reproduction timng data, accordi,ng to e
r epr 609EG dmagfc data FarneSRAndingnhq iS4 éfraﬂ?r “}?E‘Ieisi &F‘%ﬁenéita?;r?e out put s
fromthe encoder, the cycle decision_unit, and the switches  in
(Pr es&AVBEG G EFEPTOMHE Wi e & S &@M’g’?cﬂmlﬁé’ é:ooitﬁle stream
obt alsg%ciu?l%.tt Q:?'Lmréu lcfalltgl Ii%ecli:[jjcoaril:iexll% %:hceoc_jl.ee%gltr{la%ef %;Ih%naslub—unit time and
the reproduction éycle multiplier data indicating the cycle of
jimage reproduction for each frame. Therefore, when a coded image
signal having a fixed frame rate is processed, the value of the
frame rate can be detected before decoding each frame, whereby
the hardware structure at the decoding end can be simplified.
According to altwenty-fourth aspect of the present
invention, in the image decoding method of the twenty-third
('- aspect, the feproduction cycle identifier is a display cycle
identifier indicating whether the cycle of image display for each
frame is variable or not; and the reproduction cycle multiplier
data is display cycle multiplier data which indicates that the
cycle of image display for each frame is the sub-unit time
multiplied by M (natural number), by the multiplier M. Therefore,
the hardware structure for display at the decoding end can be
simplified.

According to a twenty-fifth aspect of the present invention,
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In this apparatus, an inmage signal having a variable cycle of inaﬁb1 SEP 2
reproduction for each frame and an i mage signal having a fixed cycle of

i mage reproduction for each franme can,.be coded with data indicating the

- reproduction timng of each frame according to each inmage signal

Therefore, when the reproduction cycle for each frane is fixed, the bit
nunber required for setting the reproduction tine can be reduced and,
furthernore, reproduction of the imge having a variable frane
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reproduction cycle identjifier; and _a display unit for performng imge
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‘| east one of the, ) . .
According to a twenty-sixth aspect of the present invention,

there is provided an image coding apparatus for coding an image
signal corresponding to a specific image, and the apparatus
comprises an encoder for coding an input image signal and
outputting coded image data; a cycle decision unit for deciding
whether the cycle of image reproduction for each of frames
constituting the image is variable or not, based on the image
signal, and outputting a reproduction cycie identifier indicating
( the result of the decision; a first data generator for generating
reproduction cycle data indicating the cycle of image
reproduction for each frame, according to the image signal; a
second data generator for generating frame position data
corresponding to each frame and indicating the positional
relationship of each frame with the previous and subsequent
frames, according to the image signal; a third data generator for
generating reproduction timing data indicating the timing at

which image reproduction for each frame is carried out, according



decodi ng by the decoder and the inmage display by the display unit is
performed at a reproduction timng decided by the reproduction cyd d 6§§h2
and the frame position data or a reprgguction timng decided by the

- reproduction tinmng data, according to the reproduction cycle identifier.

Therefore, reproduction of the coded inmage signal, including decoding and
di splay, can be accurately perfornmed according to whether the reproduction
timng each frame of the coded i mge signal is variable or not. According
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i mage signal” and ou |ng cod ecision unit for
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OV OFF switch for
prescribed order; and the image coding apparatus outputtlng a bit

stream obtained by the multiplication as a coded image signal.
In this apparatus, an image signal having a variable cycle of
image reproduction for each frame and an image signal having a
fixed cycle of image reproduction for each frame can be coded
with data indicating the reproduction timing of each frame
according to each image signal. Therefore, when the reproduction.
cycle for each frame is fixed, the bit number required for

{ setting the'reproduction time can be reduced and, furthermore,
reproduction of the image having a variable frame reproduction
cycle can be performed easily. |

According to a twenty-seventh aspect of the present

invention, there is provided an image decoding apparatus for
decoding and reproducing the coded image signal output from the
image coding apparatus of the twenty-sixth aspect, and the
apparatus comprises a demultiplexer for receiving the coded image

signal, and separating the coded image signal into the coded



switching the circuit between the ON state where the sub-unit tine gaéﬁDi
transmtted and the OFF state where the sub-unit data is cut off, 8céo liﬂg
to the reproduction cycle identifier;,a second OV OFF switch for sw tching
~the circuit between the ON state mﬁ%%e the reproduction cycle nultiplier
data is transmtted and the OFF state where the reproduction cycle
multiplier data is cut off, according to the reproduction cycle

identifier; a nmultiplexer for nmultiplexing the outputs fromthe encoder,

h | iSi i he,third d . : he fii d
secorieafy SrEasuf benberrackralcPYEEe sPaRr L Eint PRE rhafetkbhiel”
t tt] bit str t ai ned EP _2004.31. th L
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si gnal having a fixed frane ratﬁ i S Brocessgg at .t he degodiﬁg enﬁ% t he
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wher eby reproduction of the coded image si nalt includigg,decodinﬁ and
di spFagedcipase Faifor AEAMBYPE TERRBY ctPad ALe 1 A5EPHre. 184 MY to a
twenty-ninth aspect of the present invention, there is Erovided an i mage
deco®P ngNAPH&r s isChof 0HeBWaTFRR1RA I he cPEERIUET NctHeeR otiRE PRt F gnal
output fromthe image coding apparatus of the twenty-eighth aégect, and
t he WhpBEeathe re pebion gEFletdptaxt? teanseEelbed ndnd heh@od®H i mage
signal, and separating the coded inmage signal into the coded_i nage data,
t he septedukerentkgcrepradnetienreyele daka uis 1oyt neffat aCCeRdLNg to
reproduction cycle multiplier data, and the reproduction timng data, and
(t hentleit ¥epxodiect her ecyiaiq; idenetber; farselleddngsvhech cbed i mage dat a,
frame by frame, to generate decoded i nage data; )

selecting one of the frame position data and the reproduction

timing data, according to the reproduction cycle identifier; and

a display unit for performing image display of each frame

according to the decoded image data; wherein at least one of the

decoding by the decoder and the image display by the display unit

is performed at a reproduction timing decided by the reproduction

cycle data and the frame position data or a reproduction timing

decided by the reproduction timing data, according to the
(‘: reprodhction'cycle identifier. Therefore, reproduction of the

coded image signal, including decoding and display, can be

accurately performed according to whether the reproduction timing

of each frame of the coded image signal is variable or not.

According to a twenty-eighth aspect of the present
invention, there is provided an image coding apparatus for coding
an image signal corresponding to a specific image, and the

apparatus comprises an encoder for coding an input image signal

and outputting coded image data; a cycle decision unit for



fl(st'CNfCFF switch for switching the circuit between the ON state where
the reproduction cycle nmultiplier data is transmtted and the OFf §t8FEP 2004
where this data is cut off, accordin (}o the reproduction cycle '
- identifier; a second OV OFF switch f%ﬁ switching the circuit between the

ON. state where the reproduction timng data is transmtted and the OFF
state where this data is cut off, according to the reproduction cycle
|denthf|er;ha ddisglgy unit for perform ng i mge display of each frane
according the decoded | page data; Wwherein_at | east.one_of the.degcoding 1
sep 2ieieg ¥HECABE OHBE GXOLENRE NARES FSBFROURyiOHe TaF SBRaY Shit io
performed at a reproduction tim ng deci ded the sub-unit tine ata and

t he rEE@%@%c??%ﬁt%PEFénﬁquFmeéggdé?aVBFlﬁgiEpPBdBBE?oHaSFén?ﬂgtggcided by
the reproduction tinmng data according to the repr ducéio .cycle
i dent Iage. sTHRRbS 0RRI GRERuULtiBd A ¥ﬁﬁ§%d“§FbﬂHI°§S$?nb ﬁng?igﬂrfrane rate
is processed, the value of the frame rate can_be detected before d%coding
each indheatwnereky refelhapdnahe derieionre at fLREtqdabai AGRERATCaNTBE
sinmplified. According to a thirtieth aspect of the_ present invention,

t her egémeprbingesio-waih tibeadataeindhrabhbd BhRglaRdthegt asPihalnibr

whi ch image reproduction for each frame is performed a prescribed cycle,
and ttime melyecki imavbtathedeby adivpdbuacei preegEibeddeinef LBl cat i ng
whet her the cycle inmage reproduction for each frane is variable or not.
Ther eimte, N pyausial phwebenta byothgenabarai nunbartNe pepeoametfdhdcycle
for each frame is fixed, reproduction of the inage signal, such as
(decodjemenitehefendgenenagéngi geproduct Hos pryglef mehtinbéetedata mge

signal, can be performed with a sinple circuit structure.

indicating that the cycle of image reproduction for each frame is

the sub-unit time multiplied by M (natural number), by the
multiplier M, according to the image signal; a third data
generator for generating reproductidn timing data indicating the
timing at which image reproduction of each frame is carried out,
according to the image signal; a first ON/OFF switch for
switching the circuit between the ON state where the sub-unit
time data is transmitted and the OFF state where the sub-unit
time data ié cut off, according to the reproduction cycle
identifier; a second ON/OFF switch for switching the circuit
between the ON state where the reproduction cycle multiplier data
is transmitted and the OFF state where the reproduction cycle
multiplier data is cut off, according to the reproduction cycle
identifier; a multiplexer for multiplexing the outputs from the
encoder, the cycle decision unit, the third data generator, and
the first and second ON/OFF switches in a prescribed order; and

the image coding apparatus outputting a bit stream obtained by



~ According to a thirty-first aspect of the present invention, ther@ 1SSFP 7004
provi ded a data storage nmedi um containing an inage signal for whith ihage
reproduction for each frame is perforged a prescribed cycle, and the inage

- signal includes a reproduction cycle identifier indicating whether inmage
reproduction for each frame is variable or not; sub-unit time data

i ndicating the length of a sub-unit tinme which is obtained 1 SE 33 by
dividing a prescribed tinme interval into N (natural nunber), by the

hat ur @qé;ﬁcﬁ?.%{iﬁg;icﬁ%q_oﬁxeﬁrsogg%bid% Grale Bulghlanl.i errrterord)diviain g t hat

the cyc ge reproduction for each franme is the sub-unit tine
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t he dat orage nmedium the “value of a fixed franme rate of a coded i mage
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t he i mage.coding nethod of the eighth aspect. Therefore, by |oading the
progr&ﬁ%?&ehgégﬁgaFSr?%FPCFErﬁdssibIe i npl ement an apparatus that can
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D TR ees BoR: T BB Sl TR SHEREVEL R0 ELE For RERLAAY o
reproducing the coded image signal output from the image coding
apparatus of the twenty-eighth aspect, and the apparatus
comprises a demultiplexer for receiving the coded image signal,
and separating the coded image signal into the coded image data,
the reproductionlcycle identifier, the sub-unit time data, the
reproduction cycle multiplier data, and the reproduction timing
data, and then outputting these data; a decoder for decoding the
coded imagg data, frame by frame, to generate decoded image data;

( a first ON/OFF switch for switching the circuit between the ON
state where the reproduction cycle multiplier data is transmitted
and the OFF state where this data is cut off, according to the
reproduction cycle identifier; a second ON/OFF switch for
switching the circuit between the ON state where the reproduction
timing data is transmitted and the OFF state where this data is
cut off, according to the reproduction cycle identifier; a

display unit for performing image display of each frame according

to the decoded image data; wherein at least one of the decoding



. there is provided a data storage nedi um contai ni ng an i nage prociﬁqi@gp 20!
program and the inmage processing programis a decoding program which
enabl es a conputer to execute the decgding coded image signal by the inmage
- decodi ng nethod of the eleventh aspect. Therefore, by |oading the program
in a conputer, SEP 2[ 34 it is possible to inplenent an apparatus that can
accurately performreproduction of the coded i mage signal, including
decodi ng and di splay, according to whether the reproduction timng of each
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' According to a tﬁirtieth aspect of the present invention,
there is provided a data storage medium containing an image
signal for which image.reproduction for each frame is performed
at a prescribed cycle, and the image signal includes a
reproduction cycle identifier indicating whether the cycle of
image reproduction for each frame is variable or not. Therefore,
by using the data storage medium, when the reproduction cycle for
each frame is fixed, reproduction of the image signal, such as
(. decoding of the coded image signal and display of the decoded
| image signal, can be performed with a simple circuit structure.
According to a thirty-first aspect of the present invention,
there is provided a data storage medium containing an image
signal for which image reproduction for each frame is performed
at a prescribed cycle, and the image signal includes a
reproduction cycle identifier indicating whether image

reproduction for each frame is variable or not; sub-unit time

data indicating the length of a sub-unit time which is obtained



. value of a fixed frane rate of ‘a coded i mage signal before decodlﬂg1e§Em2;

frame, and that can sinplify the hardware structure at the decoding en
SEP 2004 35 BRI EF DESCRI PTI ON OF THE W NGS Figures 1(a) and 1(b) are'

. diagrans illustrating the data structlre of a coded inmage signal having a

fixed frame display cycle and the data structure of a coded i nmage signal
having a variable franme display cycle, respectively, according to a first
enbodi ment of the present invention. Figure 2 is a diagran1for expl ai ni ng

cych o o B e ihdf dthd, Tﬁnﬁc’ﬁﬁ .”Si&ﬁé’a .'12*&?% R
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and the nDdlflcatlon t her eof , respectlveg&/Eéir ures. 7&ﬁé and é b) are

di agr ¥ U8 PEsfr iReg AT et Of & GO 6d84IPALGEAL BRal based on

MPEG4 and having a
detected before decoding each frame, whereby various hardware

structures for implementing reproduction including decoding and
display can be simplified.

According to a thirty-second aspect of the present
invention, there is provided a data storage medium containing an
image processing program, and the image processing program is a
coding program which enables a computer to execute the coding 6f
an image signal by the image coding method of the eighth aspect.
Therefore, by loading the program in a computer, it is possible
to implement an apparatus that can reduce the bit number required
('_ for setting‘the reproduction time when the frame reproduction
cycle is fixed, and that can facilitate reproduction of an image
having a variable frame reproduction cycle.

According to a thirty-third aspect of the present invention,
there is provided a data storage medium containing an image
processing program, and the image processing program is a
decoding program which enables a computer to execute the decoding
of a coded image signal by the image decoding method of the

eleventh aspect. Therefore, by loading the program in a computer,



- fixed franme display cycle, and the data structure of a coded 01 SER 2098pP 3%
i mage signal based on MPE4 and having a variable frame display cycle,
respectively, according to a second egjpodi nent of the present invention.

- Figure 8 is a flowhart of a coding process for generating the coded inage
signals having the data structures according the second enbodi nent.

Figures 9(a) and 9(b) are block diagranms illustrating the structures of

i mage codi ng appar atuses according to the second enbodi nent and a
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image processing program, and the image processing program is a
coding program which enables a computer to execute the coding of
an image signal by the image coding method of the twentieth
aspect. Therefore, by loading the program in a computer, it is
possible to‘implement an apparatus that can detect the value of a
fixed frame rate of a coded image signal before decoding each
~frame, and that can perform reproduction of the coded image
signal, including decoding and display, by a simple hardware
structure.
According to a thirty~fifth aspect of the present invention,
( there is prévided a data storage medium containing an image
processing pfogram, and the image processing program is a
decoding progrém which enables a computer to execute the decoding
of a coded image signal by the image decoding method of the
twenty-third. Therefore, by loading the program in a computer,
it is possible to implement an apparatus that can detect the

value of a fixed frame rate of a coded image signal before

decoding each frame, and that can simplify the hardware structure

at the decoding end.



- 0O1SEP 37 Figure 15 is a diagramillustrating the data transni ssion) lorSiér 2004

in a series of frames constituting one inage, in conparison wth the data

di splay order. Figure 16 is a di agrangfor explaining image di splay based

- on a conventional coded image signal having a variable frame display

cycle. Figures 17(a) and 17(b) are diagrans for explaining a nethod for

expressing display tinmes of frames (VOPs) based on MPEG4, and figure 17(c)

is a dlagran1for explalnlng the current data structure of a coded inmage
Raged : dF3TI ON OF THE PREFERRED EMBODI MENTS

[Enb0o|nent data structure of a coded inage signal
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Figure 2 is a diagram for explaining image display based on
the coded image signal having a fixed frame display cycle
according to the first embodiment.

Figure 3 is a flowchart of a coding process for generating
the coded image signals having the data structures according to
the first embodiment.

Figures 4(a) and 4(b) are block diagrams illustrating the
structures of image coding apparatuses according to the first
embodiment and a modification of the first embodiment,
respecfively.

( _ : Figuré 5 is a flowchart of a deching process for decoding
the coded image signals having the data structures according to
the first embodiment.

Figures 6(a) and 6(b) are block diagrams illustrating the
structures of image decoding apparatuses according to the first
embodiment and the modification thereof, respectively.

Figures 7(a) and 7(b) are diagrams illustrating the data
structure of a codéd image signal based on MPEG4 and having a

fixed frame display cycle, and the data structure of a coded



38 In the coded i mage signal 100a, the header H contains a diirlaﬁ %yﬁhﬁ
identifier Df indicating that the frame display cycle is fixed (f Qe a
display cycle identifier), and display cycle data Dp indicating the frane
di splay cycle. Franme nunber data BO, Bl, B2,...,Bn are inserted at the
begi nni ngs of the code sequences Sa0, Sal, Sa2,..., San corresponding to
the respective franmes, and each frane nunber data indicates the frane
nunber B(n) corresponding to the order n' for displaying the frane.
Furt hhaqgé hei GRAE BESEENSRSMPAGs 2Ad, h&dZng: a- vaBaabTer fﬂéxﬁéndiglé? the
respective franes contain coded i mage data Cg0, Cgi, Cg2, ..., n ‘obt ai ned
by_ngﬁaﬁel SEOPRL By Of a8 86 885CEL1 ¥ CsELONBSemb6EGPREAE VEE YEhe Figure
2 is adagramTor explalning an exanple of an image display nmethod in
vwncipf%géﬁﬂt Yéhsidh. i mage display timngs of the respective franmes are
fixed: ITnthe tigure, the sanme reference nunerals as those shown in figure
16 denote :CO . T ndj i e of an
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of the frames range ransm ssi on order are

expretﬁi?(acdﬁebél/%lp%@@g&g%még when the display time h(0) (=h" (0)) of the

frame Specific, the display tinme h(2) of the frane F(2) is
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structures of image coding apparatuses according to the second
embodiment and a modification of the second embodiment,
respectively.

Figure 10 is a flowchart of a decoding process for decoding
the coded image signals having the data structures according to
the second embodiment.

Figures 1l(a) and 11(b) are block diagrams illustrating the
structures of image decoding apparatuses according to the second
embodiment and the modification thereof, respectively.

Figurés 12(a) and 12(b) are diagrams for explaining a data
storage medium containing a program for executing the coding or
decoding process according to any of the aforementioned
embodiments by a computer system, and figure 12(c) is a diagram
for explaining the computer system.

Figure 13 is a diagram illustrating a table of fixed frame
rates of MPEG2.

Figure 14 is a diagram for explaining a coded image signal

having a conventional data structure.
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Figure 15 is a diagram illustrating the data transmission
order in a series of frames constituting one image, in comparison
with the data display order.

Figure 16 is a diagram for explaining image display based
on a conventional coded image signal having a variable frame
display cycle.

Figures 17(a) and 17(b) are diagrams for explaining a
method for expressing display times of frames (VOPs) based on
MPEG4, and figure 17(c) is a diagram for explaining the current
data structure of a coded image signal based on MPEGA4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[Embodiment 1]

Figure 1(a) shows a data structure of a coded image signal
100a having a fixed (constant) frame display cycle according to a
first embodiment of the present invention. Figure 1(b) shows a
data structure of a coded image signal 100b having a variable
frame display cycle according to the first embodiment.

The coded image signal 100a shown in figure 1(a) is
obtained by coding an image signal corresponding to one image (in
MPEG4, an image corresponding to one object) and having a fixed
frame display cycle. The coded image signal 100a includes a
header H at the beginning, and the header H is followed by code
sequences Sal0, Sal, Sa2, ..., San corresponding to the respective
frames F(0), F(1), F(2), ..., F(n), which code sequences are

arranged in the transmission order.



1 SEP 2004 39 F(1) is expressed by h(1)=B(1)X T, and the display igesﬁﬁﬂmn
of the frame F(4) is expressed by h(4)=B(4)X T. Accordingly, in ¥h
reproduction of the coded i mage signgg 100a, decoded i mage data obtai ned

- by decoding the coded i mage data corresponding to the respective franes
are successively displayed at the display tines h(n). The frame nunber
B(n) indicating the nunber the display order is determned as a function of
the nunber n of the transm ssion order, according to the formulae (1)-(3).
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obt ai ned by coding an i mag correspondlng one I mage (In MPEX4, an
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B{(n) corresponding to the order n' for displaying the frame.
Further, the code sequences Sal0, Sal, Sa2, ..., San corresponding
to the respective frames contain coded image data Cg0, Cqgl,

Cg2, ..., Cgn obtained by coding image signals of the respective
frames, respectively.

Figure 2 is a diagram for explaining an example of an image
display method in which the intervals of image display timings of
the respective frames are fixed. In the figure, the same
reference numerals as those shown in figure 16 denote the same
components, and T indicates a frame display cycle of an image in
which the intervals of frame display timings are fixed.

In the coded image signal 100a, as shown in figure 2, the
display times h{(n) of the frames F(n) (n=0,1,2,...) arranged in
the transmission order are expressed by h(n)=B(n)XT when the
display time h(0) (=h'(0)) of the frame F(0) is 0. To be
specific, the display time h(2) of the frame F(2) is expressed by
h(2)=B(2) XT, the display time h(3) of the frame F(3) is

expressed by h(3)=B(3)XT, the display time h(1l) of the frame



- 40 Further, the coded sequences SbO, Sbl, Sb2, ..., Sbn correspoqpinﬁE%oﬂmq
the respective franes include coded i mage data CgO, Cgl, Cg2, ..., ég
obt ai ned by coding the inmage signal 9 the respective franes. Wen ‘

- reproduci ng the coded i nage signal 100b, image display is carried out in

| i ke manner as that described for the coded inmage signal 200 having the
conventiional data structure shown in figure 14. A description is now given
of the function and effect. According to the first enbodi nent of the
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(figfﬁgié'éggé éﬁé’gﬁ%ﬁé@'gvdéfpéﬁg fg; é%”érégr is determined as a

function of the number n of the transmission order, according to

the formulae (1)-(3).

On the other hand, the coded image signal 100b shown in

figure 1(b) is obtained by coding an image signal‘corresponding

to one image (in MPEG4, an image corresponding to one object) and

having a variable frame display cycle. The coded image signal

100b includes a header H at the beginning, and the header H is

followed by code sequences Sb0, Sbl, Sb2, ..., Sbn corresponding

to the respegtive frames F(0), F(1), F(2), ..., F(n) which are

arranged in the transmission order.

In the coded image signal 100b, the header H contains a

display cycle identifier Df indicating that the frame display

cycle is variable (variable display cycle identifier). Display

time data (display timing data) pt0O, Dtl, Dt2, ..., Dtn

indicating the display times h(0), h{(1), h(2), ..., h(n) at which

the respective frames F(0), F(1), F(2), ..., F(n) are to be

displayed are inserted at the beginnings of the code sequences

Sb0, Sbl, Sb2, ..., Sbn corresponding to the respective frames.



cycle identifier Df indicating that the frame display interval is aﬁg$bbﬁﬂ
is inserted in the header of the whole inage data, and the dispIaJ]ti

data DtO Dtl, Dt2, Dtn indicatingthg display tinmes h(0), h(l), h(2), ...,
h(n) of the respective franmes are in Brted in the respective frames |ike
the data structure of the conventional coded image signal 200. Therefore,
when reproducing the coded i mage signal 100b, the inages of the respective
frames F(0)--F(n) are displayed the display tinmes h(0)--h(n) indicated by

t he di_spl ti dat Q Dt n. ASF% scr'ﬁgd 2ove, Si t he display cycle
| dont FEREICEr T CORAng SMGHITSE RO Fhte. SPL8l a7 ¢y QP8 i s fixed of
variable is inserted in the header of. the cqoded i,nmage .si.gnal, even _an
oo CREFERECRNIEE 30 SPE ZreRRtTIve SEABRS. CBR LBEohERdEd] 1MRGE 9 mge
having a fixed frame display cycle, i e display each frane capg be carried
out  ab8lrdCH 1t §9ne -di-epCap ChERIES BY BRIIRG ERE APAHE RaABeiSdSta Bn
having arelatively small data quantity, without referring to the display
time JBLarEEBEBEAVendFef§Srel atively |arge data quantities. Therefore, the
circuit structure of an_inagg processing circuit. at the decoding end can
be sinplifivReD HRRTPAITERY Bheictededtinage Signah H0hin itagr digpkay
codi ng process for generating the coded inaag signals 100a and 100b, and a
decodifgcprsdedsongr inedddienfannesec asodbati AageribednéPrs. theggpded is a
flowchart of the coding process. In the 0 1 SEP 2004 42 figure, "n" is the
nunbeinager 84@BAdI AQ0t Bavhag: thesAPBYPBhieRadrdata structure shown in
figure 14.

A description is now given of the function and effect.

According to the first embodiment of the invention, in the
coded image signal 100a having a fixed frame display cycle
(figure 1(a)), the fixed display cycle identifier Df indicating
that the frame display cycle is fixed and the display cycle data
Dp indicating the frame display cycle are inserted in the header
of the whole image data, and the frame number data B0, Bl,
B2, ..., Bn respectively indicating the frame numbers B(0), B(1l),
( B(2), «eus B(n) are inserted in the respective frames.

In the coded image signal 100a having such data structure,

the display cycle data Dp indicates the frame display cycle T,

and the frame number data Bn of each frame indicates what number

the frame in one image is when counted in the display order.

Therefore, the display time h(n) of each frame F(n) can be

uniquely decided by these data Dp and Bn.

On the other hand, in the coded image signal 100b having a

variable frame display cycle (figure 1(b)), the variable display



- of data of each frane in a series of franes constituting an inagef | nSEhE)B4
coding process, first of all, it is decided whether the franme display
cycle of an input inage signal corrggponding to a specific imge is fixed
- or variable (step S11). Wien the result of the decision is that the frane
display cycle is fixe a fixed display cycle identifier Df indicating that
the frame display cycle is fixed is added to the header H of the bit stream
corresponding to the i mage signal (step Slla). Further, the nunber n

i ndi_cati ng,the.transm.ssi.qn _order a fr I S nt, .val ue,
and VRS aatRE oaRne 0 foddea oo tpaforte: sife' diHBEdy Ararogt Ls
cycl e da I ndi_cati .the. fixed.fra Isplay cvcle T..s_ad to the
hgaHQFlBET?EESbFpsgfﬁggg%ncgp?eéBSHSan%tBg?hghPxﬁgiﬁggangkéfétg§8813a).
Next, as.a code,K sequence o es ding to_the.first. fra F(0) of the
speEh?i%l?Hiag Fﬁmghgagﬁaﬁgﬁngﬁén nger:gfraﬂgnnﬁﬂgéFaﬁéan%gﬁE:EO) and
coded i nmage dat a C?nS:CEOE are successi vel adged t he header H (steps Sl4a
andd5§BAaRY FhBEEaP(8r, Bédide (%ﬁether'oﬁ(ﬁétq hEh?rﬁﬁﬁpﬁggﬁﬁeprocessed in
t he i mage signal coding.process (hereinafter referyed &o s. "object frane
| asErapgfeabf iREcEped LtpcthRage PﬁcFﬁEetﬁ§ﬁ§ﬁ?s§?bﬁ b ﬁe$a§i6a). Waen t he
object franme is not the last frane, the count ,value_n is increnented by 1
(st 8pragtare ahdthRecPBVPBRiARaLr GRECAFinagesSEGBRECERB-t 0 the processes of
steps Sl4a-Sl7a. The processes of steps Sl4a-Sl7a are repeated until it is
e 43 deciTh&FeioLe o yisrbrenkadugind fihe coadedeinags elqnsdt 48%ve. on the

ot her hand, when the result of the decision in step )
(” the images of the respective frames F(0)~F(n) are displayed at

the display times h(0)~h(n) indicated by the display time data
Dt0~Dtn.

As described above, since the display cycle identifier Df
indicating whether the frame display cycle is fixed or variable
is inserted in the header of the coded image signal, even an
image having a variable frame display cycle can be handled. For
an image having a fixed frame display cycle, image display of
each frame can be carried out according to the display cycle data

~ Dp and the frame number data Bn having a relatively small data

-" '

quantity, without referring to the display time data Dt0~Dtn
having relatively large data quantities. Therefore, the circuit
structure of an image processing circuit at the decoding end can
be simplified.

Hereinafter, a description is given of an image signal
coding process for generating the coded image signals 100a and
100b, and a decoding process for decoding these coded image

signals. Figure 3 is a flowchart of the coding process. In the



S11 is that the frame display cycle is variable, a variable dis ?y EE H@
identifier Df indicating that the frame display cycle is varlabl § d é
to the header H of the bit stream cofgyesponding to the image signal (step
- Sl1b). Further, the nunber n |nd|cat|ng the transm ssion order of each
frame is used as a count value, and this count value nis set to O (step
S12b). Next, as a code sequence corresponding to the first frame F(O the
specific inmage in the transm ssion order, display time data Dtn (=DtO and
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display cycle is fixed is added to the header H of the bit stream
corresponding to the image signal (step Slla). Further, the
number n indicating the transmission order of each frame is used
as a count value, and this count value n is set to 0 (step Sl2a).
Subsequently, display cycle data Dp indicating the fixed frame
display cycle T is added to the header of the bit stream
corresponding to the image signal (step Sl3a). Next, as a code
sequence Sa0 corresponding to the first frame F(0) of the
specific image in the transmission order, frame number data
Bn(=B0) and coded image data Cgn(=Cg0) are successively added to
the header H (steps Sl4a and Sl5a). Thereafter, it is decided
whether or not the frame being processed in the image signal
coding process (hereinafter referred to as "object frame") is the
last frame of the specific image in the transmission order (step
Sl6a). When the object frame is not the last frame, the count
value n is incremented by 1 (step Sl7a), and the following frame
F(1) is subjected to the processes of steps Sl4a-~Sl7a.

The processes of steps Sl4a-Sl7a are repeated until it is



or variable, and outputting a display cycle identifier Df indicabiigSEP e
whet her the display cycle is fixed or not; and a display cycle d

generator (first data generator) 1132,for generating display cycle data Df
indicating a fixed franme displ ay cycﬁe T, based on the input inmage signal
Sg. Further, the inmage codi ng apparatus 1000 includes a nunber data
generator (second data generator) 1133 for generating frame nunber data Bn
i ndi cating the nunber of each frane in the transm ssion order (frane
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B as a count value, and this count value n is set to 0 (step S12b).

Next, as a code sequence corresponding to the first frame F(0) of
the specific image in the transmission order, display time data
Dtn (=Dt0) and coded image data Cgn(=Cg0) are successively added
to the header H (steps S13b and S14b). Thereafter, it is decided
whether or not the frame being processed in the image signal
coding process (object frame) is the last frame of the specific
image in the transmission order (step S15b). When the object
frame is not the last frame, the count value n is incremented by
1 {step S16b), and the following frame F(1) is subjected to the
processes of steps S13b~Slé6b.

The processés in steps S13b~-S16b are repeated until it is
decided in step S15b that the object frame is the last frame.

Figure 4(a) is a block diagram illustrating an image coding
apparatus 1000 as hardware performing the coding process
according to the first embodiment.

The image coding apparatus 1000 includes an enceder 1110

for coding an input image signal Sg to generate coded image data



- switch 1141, and the output fromthe selector switch 1142, generat@q & Sgp 2
mul tiplexed bit stream M. The nmultiplexer 1120 outputs the multipl exe

bit stream ML as the coded i mage sign%l 100a having a fixed frame display
- cycle or the coded image signal 100b éVing a variable franme display cycle.
The operation of the imge codi ng apparatus 1000 will described briefly.
When an i mage signal Sg corresponding to a specific inage is input to the
apparatus 1000, the decision unit 1131 deci des whether the frane displ ay
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identifier Df, toward the nultiplexer 1120. That is, when an inmage signal
havi n§Y&1E Zed bapEde odde dinptayiiEsie d&lemal S F(n) is input as the

i mge signal Sg, the ) ] )
‘ Further, the image coding apparatus 1000 includes a number

data generator (second data generator) 1133 for generating frame
number data Bn indicating the number of each frame in the |
transmission order (frame number B(n)), based on the input image
signal Sg; and a display time data generator (third data
génerator) 1134 for generating display time data Dtn indicating
the display time h(n) of each frame F(n), based on the input
image signal Sg.

Furthermore, the image coding apparatus 1000 includes an
ON/OFF switch 1141 for switching the circuit between the ON state
where the display cycle data Dp from the data generator 1132 is
transmitted and the OFF state where the display cycle data Dp is
cut off, based on the display cycle identifier Df from the
decision unit 1131; and a selector switch 1142 for selecting one
of the frame number data Bn from the data generator 1133 and the
display time data Dtn from the data generator 1134, based on the
display cycle identifier Df from the decision unit 1131.

Moreover, the image coding apparatus 1000 includes a



. followi ng data are output toward the nultiplexer 1120: the fixed disgkﬁyﬂm4
cycle identifier Df, the display cycle data Dp indicating the cyélé

i mge di splay of the respective framagi,5 and the frame nunber .data Bn

. corresponding to the respective frames and indicating the positional
relations of the respective frames. In the nultiplexer 1120, the coded

I mge data Cgn, the fixed display cycle identifier Df, the display cycle
data Dp, and the frame nunber data Bn are nultiplexed and output as the
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(one of the coded inmage signals 100a and 100b) is detected to decide
whet héf®0a having a fixed frame display cycle or the coded ilmage signal

100b having a variable frame display cycle.

The operation of the image coding apparatus 1000 will be
described briefly.

When an image signal Sq corresponding to a specific image
is input to the apparatus 1000, the decision unit 1131 decides
whether the frame display cycle of the image signal Sg is
variable or not, and outputs the display cycle identifier Df
indicating the result of the decision. Meanwhile, the first to
third data.generatoré 1132~1134 generate the display cycle data
( Dp, the frame number data Bn, and the display time data Dtn,
respectively, based on the image signal Sq, and the encoder 111¢
encodes the image signal Sg and outputs coded image data Cgn.

The display cycle identifier Df and the coded image data
Cgn are output toward the multiplexer 1120. The display cycle
data Dp is transmitted through the ON/OFF switch 1141, which is
turned on or off according to the display cycle identifier Df,
toward the multiplexer 1120. The frame number data Bn and the

display time data Dtn are transmitted through the selector switch



- the display cycle of the coded image signal is fixed or not (step S@%yggzu
when the result of the decision is that the display cycle is fixe% t
count value n corresponding to the nurher of each frame F(n) in the

transm ssion order is set to O (step la) and, thereafter, the display
cycle data Dp indicating the display cycle T is read fromthe header of
the coded i nage signal (step S22a). Next, the frane nunber data Bn

i ndi cating the frane nunber B(n) is read fromthe header of each frane
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t he count value n, which corresponds _the nunber, n of each fr%ﬁe F(n) in the
transﬁm§gp§ﬁLﬁwg§flmp§e display of the respective frames, an

frame number data Bn corresponding to the respective frames and
indicating the positional relations of the respective frames. 1In
the multiplexer 1120, the coded image data Cgn, the fixed display
cycle identifier Df, the display-cycle data Dp, and the frame
number data Bn are multiplexed and output as the coded image
siénal 100a.

Oon the other hand, when an image signal having a variable
cycle of image display of the respective frames F(n) is input as
the image signal Sg, the following data are output toward the
multiplexer'1120: the variable display cycle identifier Df, and
the display time data Dtn indicating the timing at which image
display of each frame is carried out, i.e., the display time h(n),
which is set relatively to a desired one of plural reference
times according to each frame. In the multiplexer 1120, the
coded image data Cgn, the variable display cycle identifier Df,
and the display time data Dtn are multiplexed and output as the
coded image signal 100b.

Next, the process of decoding the coded image signals 100a



set at 0 (step S21b) and, thereafter, the display time data Din i rHifcatPng
the display time h(n) of the frane F(n) is read from the header of each
frame (step S22b), and the display tinﬁ h(n) of the frame F(n) is decided
- according to the display tinme data of (step S23b). Subsequently, the
coded image data Cgn corresponding to the frane F(n) is decoded, and the
decoded image data of the frame F(n) is regarded as data to be displ ayed
at the display tinme h(n) (step S24b). Thereafter, it is decided whether or

not the fr F( bei.n rrocessed (ohj.ect frame) is the last franme of the
speciPPé 15H§g§&3ﬁ PﬁedF25%§§F P&ﬂn%r%éﬁufgtép S25b). \Wen the object
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figure 5. Figure 6(a) is a block diagran1i||ustrating_the structure an
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process according to the first enbodi nent. The image decodi ng appar at us
2000 F@deiveWhenethe resudte@f e secdsdom it keadodibe AFEBEayi GHELS100a
or 100b) output from the inage codi ng apparatus 1000, and subjects the
mul t i peegdded; t thet ceuntMralver sprodyesprondingl tidi AjedpeBBergCangaahspl ay.

More specifically, the inage decodi ng apparatus 2000
frame F(n) in the transmission order is set to 0 (step S2la) and,

thereafter, the display cycle data Dp indicating the display
cycle T is read from the header of the coded image signal (step

S522a).

Next, the frame number data Bn indicating the frame number
B(n) is read from the header of each frame (step S23a), and the
display time h(n) of each frame is calculated by h(n)=B(n) XT
(step S24a).

Then, the coded image data Cgn corresponding to the frame

( F(n) is decoded, and the decoded image data corresponding to the

frame F(n) is regarded as data to be displayed at the display
time h(n) (step S25a). Thereafter, it is decided whether or not
the frame F(n) being processed (object frame) is the last frame
of the specific image in the transmission order (step S26a).
When the object frame is the last frame, the decoding process is
completed. When the object frame is not the last frame, the
count value n is incremented by 1 (step S27a) and, thereafter,

the above-described steps S23a~S26a are repeated until it is



includes a demultiplexer (DEMJX) 2110 for extracting, fromthe nﬂlilﬁfgk%@4
bit stream ML, the coded i mage data Cgn, the display cycle identifier Df
the display cycle data Dp, and the frggre r data Bn or the display tine data

- Dtn, and outputting these data; and a decoder 2120 for decoding the coded

i mge data Cgn and outputting decoded i nage data Rg. Further, the inage
decodi ng apparatus 2000 includes an OV OFF switch 2140 for switching the
circuit between the ON state where the display cycle data Dp is
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and a selector swt h 50 for sel ecting one of the franme nunber data Bn
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each Lra Ergﬁgqg?g)bXS Qecided according to the display time data
Dtn (step S23b). Subsequently, the coded image data Cgn
corresponding to the frame F(n) is decoded, and the decoded image
data of the frame F(n) is regarded as data to be displayed at the
display time h(n) (step S24b).
Thereafter, it is decided whether or not the frame F(n)
being processed (object frame) is the last frame of the specific
image in the transmission order (step S25b). When the object
frame is the last frame, the decoding process is completed. When
(' the object frame is not the last frame, the count value n is
incremented by 1 (step S26b). Thereafter, the above-described
steps S23a~S26a are repeated until it is decided in step S25b
that the object frame is the last frame.
As described above, the coded image signals having the data
structures shawn in figures 1(a) and 1({b) are decoded iﬁ the
procedure shown in figure 5.

Figure 6(a) is a block diagram illustrating the structure

of an image decoding apparatus as hardware performing the



. decoder 2120 and then output as decoded i mage data Ry toward the. Bﬁﬂ%@?ﬂﬁﬂmf
uni't 2130. The di splay cycle data Dp is transmtted through the

switch 2140 which is turned on or offygoy the display cycle identifier

- toward the display unit 2130, and the frame nunber data Bn or the dlsplay
time data Din of each frame is transmtted through the selector swtch
2150, which selects one of these data according to the display cycle

identifier , toward the display unit 2130. the display unit 2130, the
| megey ot &fﬁ@ $EGEES OAEESPRNG NG Lond NPy £leC ol (gKE: dat a Ry having a
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cycle identifier Df, the display cycle data Dp, and the frame
number data Bn or the display time data Dtn, and outputting these
data; and a decoder 2120 for decoding the coded image data Cgn
and outputting decoded image data Rg.
Further, the image decoding apparatus 2000 includes an
ON/OFF switch 2140 for switching the circuit between the ON state
where the display cycle data Dp is transmitted and the OFF state
where the display cycle data Dp is cut off; and a selector switch
( 2150 for selecting one of the frame number data Bn and the
i display time data Dtn, based on the display cycle identifier Df,
and outputting the selected data.
Furthermore, the image decoding apparatus 2000 includes a
display unit 2130 for displaying the decoded image data Rg at a
prescribed timing based on the display cycle identifier Df and
the outputs from the switches 2140 and 2150.

Hereinafter, the operation of the image decoding apparatus

2000 will be briefly described.



di splay cycle includes the display cycle data Dp indicating the iqﬁgeSEP 20
display cycle T and the data (franme position data) Bn indicating the frane
nunber B(n) which indicates the posigﬁﬁnal rel ationship of the frame with

- the previous and subsequent frames, the image display timng of each frame
can be decided by a sinple calculation, T X B(n). Furthernore, the coded

I mge signal 100b having a variable display cycle includes the display tine
data (display timng data) Dtn indicating the display tinme (display
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decoder 2120 and then output as decoded image data Rg toward the
display unit 2130. The display cycle data Dp is transmitted
through the ON/OFF switch 2140 which is turned on or off by the
display cycle identifier Df toward the display unit 2130, and the
frame number data Bn or the display time data Dtn of each frame
is transmitted through the selector switch 2150, which selects
one of these data according to the display cycle identifier Df,
toward the display unit 2130.

( In thé display unit 2130, the image of each frame
corresponding to the decoded image data Rg having a fixed display
cycle is displayed at a prescribed display timing based on the
display cycle data Dp and the frame number data Bn, while the
image of each frame corresponding to the decoded image data Rg
having a variable display cycle is displayed at a prescribed
display timing based on the display time data Dtn.

As described above, in the image signal data structure

according to the first embodiment, since the coded image signal



the coded image data Cgn is nultiplexed wwth the display cycle id?pqiSEprg
Df ‘and the display tine data Dtn indicating the display tinme h(n) “of each
frame F(n), and the data so nultiple are output. Therefore, whether the
. cycle of image display for each frane is variable or fixed, the data for
deciding the display timng of each frame is output together with the
coded image data Cgn. Therefore, the nunber of bits required for deciding
the display tinme can be reduced when the frame display cycle is fixed.
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relatively large data quantity (bit number) for each frame.
Further, since the coded image signal 100a having a fixed

display cycle includes the display cycle data Dp indicating the
image display cycle T and the data (frame position data) Bn
indicating the frame number B(n) which indicates the positional
relationship of the frame with the previous and subsequent frames,
the image display timing of each frame can be decided by a simple'
calculation, TXB(n).

{ Furthermore, the coded image signal 100b having a variable
display cycle includes the display time data (display timing
data) Dtn indicating the display time (display timing} h(n) at
which the image of each frame is to be disp;ayed, which display
time is set relatively to a desired time h'(0) among plural
refefence times, according to each frame (refer to figure 2).
Therefore, when the cycle of image display of each frame is
variable, like the conventional data structure, the image display

timing h{n) of each frame F(n) can be set based on the display



data Rg is variable or fixed, the decoded i nage data Rg of each fgapesgpqg
be di spl ayed at an accurate display timng. In the inage data structurée
according to the first enbodinent, the display cycle identifier Df is
inserted at the beginning of the inmage data (multiplexed bit stream, and
the franme nunber data Bn or the display tine data Dtn is inserted at the
begi nning of each frame data (code sequence of each frane). However, the
di splay cycle identifier, the frame nunber data, and the display tinme data

are e ily inserted at the beginnings of the corresponding
headggémgfﬁgégq%g a may be inserted after synchronous signals or the |ike
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the cycle of image display, and the frame number data Bn
indicating the positional relationship of each frame with the
previous and subsequent frames, and the data so multiplexed are
output. When the input image signal has a Qariable display cycle,
the coded image data Cgn is multiplexed with the display cycle
identifier Df and the display time data Dtn indicating the
display time h(n) of each frame F(n), and the data so multiplexed
are output. Therefore, whether the cycle of image display for
( each frame is variable or fixed, the data for deciding the
display timing of each frame is output together with the coded
image data Cgn. Therefore, the number of bits required for
deciding the display time can be reduced when the frame display
cycle is fixed. Further, the image having a variable frame
display cycle can be displayed in the same manner as the
conventional display.

The image decoding apparatus 2000 according to this first

embodiment includes the demultiplexer 2110 which separates the



bits, nunbers fromO are periodically given to the franes. this cﬁs&,sgﬁém{
dlsplay ‘time is expressed by h' (n )=hp' (15)+( +1) XT where hp'(n')

i ndicates the display tine correspong ng to the frame nunmber B(n) (=n") in
t he previous period. Accordingly, n") indicates the display tine
corresponding to the franme nunber B(n) in the cycle next to hp'(n'). In the
formula, hp'(15) indicates the display tine of the last frane in the
previous period. r 55 Furthernore, while in this first enbodi ment each
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2000 includes the decoder 2120 which decodes the coded image data
Cgn and outputs the decoded image data Rg. In this apparatus,
the decoded image data Rg having a fixed display cycle is
displayed at a prescribed display timing based on the display
cycle data Dp and the frame number data Bn, while the decoded
image data Rg having a variable display cycle is displayed at a
prescribed display timing based on the display time data Dtn.
Therefore, whether the frame display cycle of the decoded image
data Rg is variable or fixed, the decoded image data Rg of each
frame can bg displayed at an accurate display timing.

(- In the image data structure according to the first
embodiment, the display cycle identifier Df is inserted at the
beginning of thé image data (multiplexed bit stream), and the
frame number data Bn or the display time data Dtn is inserted at
the beginning of each frame data (code sequence of each frame).
However, the display cycle identifier, the frame number data, and
the display time data are not necessarily inserted at the
beginnings of the corresponding headers. These data may be

inserted after synchronous signals or the like as along as the



deci ded according to sone rule or signal. Further, the data structumekqu y
the coded i nage signal according to this first enbodi nent includes the
display cycle identifier, the display,cycle data, and the frame number "
data or the display tine data, these aata bei ng used for setting the
display timng of each franme, as the additional data for deciding the
reproduction timng of each frame at the decoding end. However, instead of
those additional data for deciding the display timng of each frame, the

dat a a&%gghgf By8 el 3ehd8d of tﬁiheg r'sr?er:t,%&ng: ep&daatadﬁw qheh ydata for

deci di'nt ecoding tinmng of eac a decodi ng cycle _
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variable or not, and_a fixed _decodi cycle identifier _is inserted in a
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Cyc'edﬁgggégfL?Elésiﬁgﬁii%igriBfawﬁggig the header of the image data.
Further, while in this first embodiment serial numbers are

given, as the numbers n'(=B(n)) indicating the display order,

from the beginning of the image data in the display order as

shown in figure 2, it is not always necessary to give such serial

numbers. A plurality of numbers from the first number to the

last number, which have been determined in advance, may be given

periodically as the frame numbers.

For egample, when the frame numbers are expressed with 4
bits, nuﬁbefs from 0 to 15 are periodically given to the frames.
In this case, the display time is expressed by
h'(n')=hp' (15)+(n'+1)XT

where hp'(n') indicates the display time corresponding to the

frame number B(n) (=n') in the previous period. Accordingly,

h'(n') indicates the display time corresponding to the frame

number B(n) (=n') in the cycle next to hp'(n'). In the formula,

hp*(15) indicates the display time of the last frame in the

previous period.



i mage signal having a variable decoding cycle. Further, the decodiifgic@EPe?
dat'a indicates the cycle DT decoding each frane, and the decoding tinme
data indicates the tinming at which d% odi ng of each frame is carried out

- (decoding Dh(n)), which timng is set relatively to a desired one plural
reference tinmes according to each frame. The codi ng process for generating
the coded i nage signal having the data structure according to this

nodi fication of the first enbodinent is realized by replacing steps S11,
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process of adding the decodln tine ta. Fi 4(b) shows the structure
of arRGGRIFEDENF SRERFG %sgll](ﬁ) éfaqf'ar@é?leﬁf ddte BM IR codi ng
process according to the nodification of the, flrst enbodlnent The i mage
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the frame decodin cycle of the input
o prescribed ta

Moreover, in this first embodiment, the display time data

indicates the time relative to plural reference times, and one

. reference time may be set for plural frames or the display time
of the previous frame may be used as the reference time. Further,
plural reference times may be set in advance, and which reference
time is to be used for expressing the frame display time may be
decided according to some rule or signal.

Further, the data structure of the coded image signal
according to this first embodiment includes the display cycle
identifier, the display cycle data, and the frame number data or
the display time data, these data‘being used for setting the
display_timing of each frame, as the additional data for deciding
the reproduction timing of each frame at the decoding end.
However, instead of those additional data for deciding the
display timing of each frame, the data structure of the coded
image signal may includes additional data for deciding the

decoding timing of each frame, namely, decoding cycle identifier,



- image signal Sq is fixed or not, i.e., fixed or variable, and outgu‘it%{%@ﬁs
decodi ng cycle identifier DEf indicating whether the decoding cycle DT is
fixed or not, in place of the decisi unit 1131 of the inage coding

- apparatus 1000 the first enbodi ment. Further, the inmage codi ng apparatus
1000a includes a decoding cycle data generator (first data generator)

1132a which generates decoding cycle data DEp indicating the frane

decoding P 200 58 cycle (fixed cycle) DT, based on the input inmage signal

Sg, . i i d hj d d 1 whi ch
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codi n arajus 1000, . & her._cons i&uent are identical to those of the
inageg°aggFﬁﬂ 3RBaPht HBC1666° fe?%% +??2?'enbodinent. the i mage coding
tug.1000a, t d, t | tipl MJ 1102 [ tipl th
oo out MG iLPaE a8 S  BBbSSERT b the doci aion unii 11314 the coded

i mge data Cgn _from. the encoder 1110,. .the decqdi ng ¢cycle data fromthe
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outputs a nultiplexed bit stream Mla as a, coded_i nage_si ag ,hgvin a
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cycle. On the other hand, the process for deco@ing ghe coded jmage signal
havi ngY¢he data RPrigt the %e@%&am%&%%%ln% Y#iRhtHBR toFSthe first

enbodi nent is realized by replacing steps, S21, S22a, ..
. embodiment are replaced with a decoding cycle identifier and

decoding cycle data, and the display time data Dtn in the coded
image signal 100b of the first embodiment is replaced with
decoding time data.

The decoding cycle identifier indicates whether the cycle
of a decoding process for decoding a coded image signal of each
frame is variable or not, and a fixed decoding cycle identifier
is inserted in a coded image signal having a fixed decoding cycle
while a variable decoding cycle identifier is inserted in a coded
image signal having a variable decoding cycle.

Further, the decoding cycle data indicates the cycle DT of
decoding each frame, and the decoding time data indicates the
timing at which decoding of each frame is carried out (decoding
time Dh(n)}, which timing is set relatively to a desired one of
plural reference times according to each frame.

The coding process for generating the coded image signal
having the data structure according to this modification of the

first embodiment is realized by replacing steps S11, Slla, Sllb,



S22b, S23a, S23b, S24a, S24b and S25a in the flow of figure 5 as fol | g@8. 72
That is, the process of deciding the display cycle in step S21 is replaced
with the process of deciding mhether,}he decoding cycle is fixed or not;

- the process of reading the display cycle data Dp indicating the display
cycle T in step S22a is replaced SE['' 2004 59 with the process of reading
the decoding cycle data DEp indicating to decoding cycle Dt; and the
process of reading the display time data Din indicating the display tine
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deci ding the decoding tine based on the dec d da tn and
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the process of decoding the coded |ma e data Cg oé the {r ane ngland
d.sp@ay@fﬁgngtca?l?héda%bfa?ri|%dh*%1h process Of adding the varia

display cycle identifier Df in step S1lb is replaced with the

process of adding the variable decoding cycle identifier.

Further, the process of adding the display cycle data Dp in step

s13a is replaced with the process of adding the decoding cycle

data; and the process of adding the display time data Dtn in step

S13b is replaced with the process of adding the decoding time

data.

Figure 4(b) shows the structure of an image coding
apparatus 1000a as hardware for performing the coding process
according to the modification of the first embodiment.

( The imége coding apparatus 1000a includes a decision unit
1131a for deciding whether the frame decoding cycle of the input
image signal Sg is fixed or not, i.e., fixed or variable, and
outputting a decoding cycle identifier DEf indicating whether the
decoding cycle DT is fixed or not, in place of the decision unit
1131 of the image coding apparatus 1000 of the first embodiment.

Further, the image coding apparatus 1000a includes a
decoding cycle data generator (first data generator) 1132a which

generates decoding cycle data DEp indicating the frame decoding



in step S25a is replaced with the process of decoding the coded i%ﬁbéﬁﬂ%@gy
Cgn of the frame F(n) at the decoding displaying it at the display Dh(n)
and h(n); and the process decoding t coded i mage data Cgn of the frame
F(n) and displaying it at the time h(n) in step S24b is replaced with the
process of decoding the coded i mage data Cgn the franme F(n) the decoding
~time Dh(n) and displaying it at the display time | 60 h Figure 6(b) is a
bllock diagramillustrating the structure an image decodi ng apparatus 2000a
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Other constituents are identical to those of the image
coding apparatus 1000 of the first embodiment.
In the image coding apparatus 1000a so constructed, the
multiplexer (MUX) 1102 multiplexes the decoding cycle identifier
DEf from the decision unit 1131a, the coded image data Cgn from
the encoder 1110, the decoding cycle data DEp from the ON/OFF
switch 1141, and the output from the selector switch 1142, and _
outputs a multiplexed bit stream Mla as a coded image signal
having a fixed decoding cycle or a coded image signal having a
variable depoding cycle.
On the other hand, the process for decoding the coded image
signal having the data structure according to this modification
of the first embodiment is realized by replacing steps 821, S22a,
S22b, S23a, S23b, S24a, S24b and S25a in the flow of figure 5 as
follows.
That is, the process of deciding the display cycle in step
S21 is replaced with the process of deciding whether the decoding

cycle is fixed or not; the process of reading the display cycle

data Dp indicating the display cycle T in step $22a is replaced



. first OVOFF switch 2140a for swtching the circuit between the @NisSEPeﬂmq
wher e the decoding cycle data DEp is transmtted and the OFF state where

t he decoding cycle data DEp is cut of based on the decoding cycle ‘

- identifier DEf; a second OV OFF switch 2150a for switching the circuit
between the ON state where the frame nunber data Bn is transmtted and the
OFF state where the frame nunber data Bn is cut o based on the decoding
cycle identifier DEf; and a third OV OFF switch 2160a for switching the

f
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coded image data of each frame based on the decoding cycle data

DEp and then deciding the display time h(n) of each frame based

on the frame number data Bn.

Further, the process of deciding the display time h(n)

based on the display time data Dtn in step S23b is replaced with

the process of deciding the decoding time Dh(n) based on the

decoding time data DEtn and then deciding the display time h(n)

based on the data DEtn.

Furthermore, the process of decoding the coded image data

Cgn of the frame F(n) and displaying it at the display time h(n)

in step S25a is replaced with the process of decoding the coded

image data Cgn of the frame F(n) at the decoding time Dh(n) and

displaying it at the display time h(n); and the process of

decoding the coded image data Cgn of the frame F(n) and

displaying it at the time h(n) in step S24b is replaced with the

process of decoding the coded image data Cgn of the frame F(n) at

the decoding time Dh(n) and displaying it at the display time



t
DEp and the frame nunber data Bn, while the decoded i mage data Rq ﬂaV|ng ‘

vari abl e decoding cycle is dlsplayed frame by frame the timng (display
time h(n)) decided by the decoding té@? data DEtn. Qther constituents of

t he i mage decodi ng apparatus 2000a are identical to those of the inmge
decodi ng apparatus 2000 the first enbodinent. 6 2 Hereinafter, the
operation of the imge decodi ng apparatus 2000a will be described briefly.
When the nmultiplexed bit streamMla is input to the apparatus 2000a, in

t he gfnyltlplexer 2110a, the coded image data Cgn, the decoding cycle

i dent't P t he decoding cycle data DEp, and the franme nunber data Bn

he d
Ma. ?heeégc%%d tétzh@o d%?ﬁ%@%ﬁ%ﬁg cy%%faﬁéﬁﬁdﬂitdéﬁ%tﬁr@%*%f mage
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DEp and the frame nunber data Bn. On the other hand, when the decoding

E%CI%mB9d%ﬂ%ngp$t cogedflnage signal is variable, the coded i nage data
nis ecode rane by franme at the timng (decoding.tine ) deC|ded
oyt he aed paiondeseirsErpr Ry oA GecthEd Sgde FHiT R}

romthe decoder 2120a is displayed,frane by frane the ti di splay tine
h(n)@lgegpg@@ndglgH@uﬁ@ggdﬁﬁ%mtpﬁg image coding apparatusrqéﬁhé, a&ﬁ y

subjects the multiplexed bit stream Mla to reproduction including
decoding and display. |

More specifically, the image decoding apparatus 2000a
includes a demultiplexer (DEMUX) 2110a for extracting, from the
multiplexed bit stream Mla, the coded image data Cgn, the
decoding cycle identifier DEf, the decoding cycle data DEp, and
the frame number data Bn or the decoding time data DEtn, and
outputting these data, in place of the demultiplexer 2110 of the
image decoding apparatus 2000 of the first embodiment.
{ | Further, the image decoding apparatus 2000a includes a
first ON/OFF switch 2140a for switching the circuit between the
ON state where the decoding cycle data DEp is transmitted and the
OFF state where the decoding cycle data DEp is cut off, based on
the decoding cycle identifier DEf; a second ON/OFF switch 2150a
for switching the circuit between the ON state where the frame
number data Bn is transmitted and the OFF state where the frame
number data Bn is cut off, based on the decoding cycle identifier

DEf; and a third ON/OFF switch 2160a for switching the circuit



(

. data DEtn. the nodification of the first enbodinment, as in the fiq}q SEP 2004

enbodi ment, since the coded i mage si gnal obtained by coding an image
signal includes the decoding cycle idgptifier DEf indicating whether the
cycle of inmage decoding for each frane is 1 SEP 200 63 variable or not,
when the cycle of inmage decoding for each frame is fixed, the coded inmage
data can be decoded by a sinple circuit structure, that is, it can be
decoded according to the decoding cycle data DEp al one, without referring

to theedagadl Bie! bifestata WReRNENAeR3hgCtIRLAAYANDEEY (B! L NuMber)

for each trane. cation of the t enmbodi nent, enphasis has been
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set while the frame number data Bn output from the second ON/OFF
switch 2150a is supplied to the display unit 2130a.

In the decoder 2120a, the coded image data Cgn having a
fixed decoding cycle is decoded frame by frame at the timing
(decoding time Dh(n)) decided by the decoding cycle data DEp,
while the coded image data Cgn having a variable decoding cycle
is decoded frame by frame at the timing (decoding time Dh(n}))

decided by the decoding time data DEtn.

Further, in the display unit 2130a, the decoded image data

{ Rg having a fixed decoding cycle is displayed frame by frame at

the timing (display time h(n)) decided by the decoding cycle data
DEp and the frame number data Bn, while the decoded image data Rg
having a variable decoding cycle is displayed frame by frame at
the timing (display time h(n)) decided by the decoding time data
DEtn.

Other constituents of the image decoding apparatus 2000a
are identical to those of the image decoding apparatus 2000 of

the first embodiment.



atimng that is earlier, by a prescribed offset tine, than the eq%ui%gp 0
display timng between the display timngs of the object frane and the
next frame. To be specific, when thegdisplay timng of the object frame is
- earlier than the display timng of the next frame transmtted 0 1 SF 1' 2
64 subsequently to the object frame, the offset tine is set to a length

| onger than the tine required for decoding the object franme. On the other
hand, when the display timng of the next frane (for exanple, B-VOP)
Lransm it efeSUIRAEHERL | il d ARIGEC o KM 1aftfe HERBR thg Ripaati

earlier than't isplay timng the object fra fset Tinme is set to

a"6”5%6Q#(§§¥§téé“HE55£@béﬁn¥§;e%£f time required for decodi ng the object

frame” an e fequire odi ng the next franme. [Enbodi nent 2]

Figure 7(a sgg ap%§%§é§%£&§fgﬁ§:%%q%gmﬁﬁ&ggjﬁgqggﬁ?gégpgﬁgying a fixed

frame disp y Fe I'ng {0 a"second “enbodi pr esent

o1 ona PR AT o P borte CBS GREtHBORL o ML - b e R IR
120a it NS HRTOTHA THEDeTRY HEECBEL T e dHer Y YT S by code
() aSp i s, LT PEREE SRR B S TRr S (L ERE S F A st on

order. In the coded inmage signal 120a, the
are separated fromgkhe put]blt stream Mla.

In the decoder 2120a, when the decoding cycle of the input
coded image signal is fixed, the coded image data Cgn is decoded
frame by frame at the timing (decoding time Dh(n)) decided by the
decoding cycle data DEp. Then, the decoded image data Rg output
from the decoder 2120a is displayed frame by frame at the timing
(display time h(n)) decided by the decoding cycle data DEp and
the frame number data Bn.

On the other hand, when the decoding cycle of the input
coded image signal is variable, the coded image data Cgn is
decoded frame by frame at the timing {(decoding time Dh(n))
decided by the decoding time data DEtn. Then, the decoded image
data Rg output from the decoder 2120a is displayed frame by frame
at the timing (display time h(n)) decided by the decoding time
data DEtn.

In the modification of the first embodiment, as in the
first embodiment, since the coded image signal obtained by coding
an image signal includes the decoding cycle identifier DEf

indicating whether the cycle of image decoding for each frame is
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cating whether the frane display cycle is fixed or not; display cycle
iplier data Dmindicating that t frame display cycle is the sub-unit
~time (/N) multiplied by M (natural "hunber) by the nultiplier M i.e., how
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dlsplay tinme data

been placed onD%n image decoding apparatus which performs image

display of each frame as well as decoding of each frame according
to data for deciding the decoding timing of each frame, which
data is included in the coded image signal. However, an image
decoding apparatus which performs decoding of each frame as well
as image display of each frame according to data for deciding the
display timing of each frame, which data is ihcluded in a coded
image signal, is also within the scope of the present invention.

In this case, the decoding timing at which decoding of each
frame is ca;ried out is set according to display timing data of
plural frames including an object frame to be decoded. That is,
based on the display timing data of the object frame and the
display timing data of the next frame transmitted subsequently to
the object frame, the decoding timing of the object frame is set
at a timing that is earlier, by a prescribed offset time, than
the earlier display timing between the display timings of the
object frame and the next frame.

To be specific, when the display timing of the object frame

is earlier than the display timing of the next frame transmitted
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Dyl, Dy2 However, since the coded i mage signal 120a includes the suld- @k ?
tinme data Dk and the display cycle mul tiplier data Dm inage display of
each frame can be carried out w thougqusing the display time data (DyO
Dyl, Dy2, ...). To be specific, based on 0 1 SEP 200 66 the sub-unit tinme
(llhb obtained fromthe sub-unit time data Dk and the value of M (natural
nunber) obtained fromthe display cycle nmultiplier data Dm the franme
display cycle T (=M X1/ N) is obtained, and the inage of each frane is
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the time required for decoding the next frame.
[Embodiment 2]

Figure 7(a) shows a data structure of a coded image signal
120a having a fixed frame display cycle, according to a second
embodiment of the present invention.

The coded image signal 120a is obtained by coding an image
signal which corresponds to one image (in MPEG4, an image
corresponding to one object) and has a fixed frame display cycle.

The coded image signal 120a has a header H at the beginning, and
( ﬁ the header H is followed by code sequences Sc@, Sci, sc2, ...,
Scn corresponding to frames F(0), F(1), F(2), ..., F(n),
respectively, which code sequences are arranged in the
transmission order. 1In the coded image signal 120a, the
following data are included in the header H: a display cycle
identifier Df indicating whether the frame display cycle is fixed
or not; display cycle multiplier data Dm indicating that the
frame display cycle is the sub-unit time (1/N) multiplied by M

(natural number) by the multiplier M, i.e., how many times (M)



that the display cycle of the image signal is fixed is added the hfadeBSEBf?
the bit streamso that it follows the sub-unit time data Dk (step S32)
and, furthernore, the display cycle nultiplier 0O 1 SFP 200 6 7 data Dmis
added to the header so that it foll ol the fixed di splay cycle identifier
Df (step S33). Thereafter, the count value n, which corresponds to the
nunber n indicating the transm ssion order of each frane F(n) as a
constituent of the specific inage, is set to O (step S35). Next, as a code

sequence Sao corresponding to,the first frame F(O0) of.the. specific inage in
t he tFhAshFameoRlep Y,cyg%§p¥§ya§i%%nﬂaf% e fu %ﬂlﬁhﬁl%%dg%/yﬁage dat a
Cgn (:gacm the frame are successively added to the header FI% teps, S36 and
S37) . anfefabfuRit HiEBe gdatankkndRdiraking t heeryahee i A PIELesREpber)
(hereinafter, referred to as fob%ect framthe inage signal is the |ast
franefef ebeaipiryfthei slgeunitthime {hillhi ssFBAtBRHer aEsEBB S38). When the
object frane is not the |ast frame, the count value n corresponding to the
f r anmebeg nings(of ) the heode feumerson FUerSot, vPFZh i s- n-F¢1 9% the
incremented by 1 (step S39), and the following frame F(n+l) (=F(1)) is
subj ecespecivecf prmess sdisplagt biyre St ERYW 0 THay br R¥sses- of BY¥Rps S36- S39
are repeated until it is decided in step S38 that the object frame is the
| ast indiheatiihe thedétsphaygetihemay’ 0208 35 Yeher at ed Y owgh the
above-descri bed
respective frames (refer to figure 17(a)) are inserted. 1In the
header H of the coded image signal 120a, the sub-unit time data
Dk, the display cycle identifier Df, and the display cycle
multiplier data Dm are arranged so that these data are
transmitted in this order.
In the code sequences Sc0, Scl, s¢2, ..., Scn of the
respective frames, the display time data Dy0, Dyl, Dy2, ..., Dyn
are followed by coded image data Cg0, Cgl, Cg2, ..., Cgn,
respectively.
In this coded image signal 120a, assuming that the
reference time is x (refer to figure 17(a)), the display times
h(0), h(1), h(2), ... of the frames F(0), F(1l), F(2), ...
corresponding to the VOPO, VOP3, VOPl, ... are expressed by
x+y/N(y=y'0, v'3, y'l, ...) based on the display time data Dy0,
Dyl, Dy2 ...
However, since the coded image signal 120a includes the
sub-unit time data Dk and the display cycle multiplier data Dm,

image display of each frame can be carried out without using the

display time data (Dy0O, Dyl, Dy2, ...). To be specific, based on



process steps. the other hand, when the result of the decision in Bte®EB2004
is that the display cycle is variable, a variable display cycle identifier
Df indicating that the display cycle of the inmge signal is variable is
added to the header H of the bit 9 1& P '111 J 68 stream corresponding to
the image signal that it follows the sub-unit tinme data Dk (step S34).
Thereafter, the processes steps S35-S39 are carried out, thereby generating
the coded i mage signal 120b. Figure 9(a) is a block diagramillustrating
an i mge coding apparatus 1200 as hardware perform ng the coding process
accorﬂhagsub—uhétsédmﬂd(éﬁﬁddphtﬁ@neﬁhérpmaﬁgec§§Pn§néﬁp§ﬂﬂﬁu§aIEOBk

I ncl udes an encoder 1110 for coding an input imge signal Sg _to_generate
codedahdagbedsadu€gnf Mndnatdealshombeni)t obtainedr fyeri 8RRgIVERLR¥r t he
frame display cycle of the input image signal Sg is fixed or not, i.e.,
fixedege1¥amhablipliepddauaphin i njeafdampl dispyeyecyddat Tf (eM>XD/N} ni#$ cat i ng
whet her the display cycle is fixed or not. Further, the inage coding
apparabyaiheQ) andl uvtesimhgeeofdesahgEnemet assdasplayedwst &heub-unit tine
data generator (first data generator) 1232 for generating sub-unit tine
data DkiBasgd aesplh¢ toREt hiARge=8ignalx3gN)a off splchy fapalee Ay )t,i plier

data generator (second data generator) 1233 for generating display cycle
mul ti gbbgfedabg DRewhegbrendeceimne R.numeric value Mfor expressing the
frame display cycle by a multiplier (M for the

Figure 7(b) illustrates the data structure of a coded image
signal 120b having a variable frame display cycle, according to
the second embodiment of the invention.

The coded image signal 120b is different from the coded
image signal 120a in that the header H does not include the
display cycle multiplier data Dm.

Hereinafter, a description is given of a'coding process for
generating the coded image signal 120a or 120b and a decoding
process for decodiﬁg the coded image signal.

Figure 8 is a flowchart of the coding process. In the
coding procéss, initially, the sub-unit time data Dk is added to
the header of the bit stream of the iﬁput image signal
corresponding to a specific image (step S30), and it is decided
whether the display cycle of tﬁe image signal is fixed or not
(step §31). When the result of the decision is that the display
cycle is fixed, a fixed display cycle identifier Df indicating
that the display cycle of the image signal is fixed is added to

the header of the bit stream so that it follows the sub-unit time

data Dk (step S32) and, furthermore, the display cycle nmultiplier



sub-unit time, based on the input image signal Sg; and a display t'n§ ﬁ%mﬁ
generator (third data generator) 1234 for generating display ting La %
(display timng data) Dyn indicating the display tine h(n) of each frane,
based on the input inmage signal Sg. BBEP 20 69 Furthernore, the inmge
codi ng apparatus 1200 includes an OV OFF switch 1241 for switching the
circuit between the ON state where the display cycle nultiplier data Dmis
transmtted and the OFF state where the display cycle nultiplier data Dmis
cut o based on the display cycle identifier Df fromthe decision unit
1131.dabe Pmuye addedgtappheahesder0sof thabeitifellews the nfixed| exer (MIX)
1220 for nmultiplexing the sub-unit time data Dk fromthe first data
generdtspldp3Ryciaecidespifiyerybfe(stept 838y Df fromthe decision unit
1131, the display cycle multiplier data Dmfromthe switch 1241, the

di spl ay ti mhedataeftlyn fuhemccmatt ialde dgt avhjehe carmesp2ddis aod thiee coded

I mge data Cgn fromthe encoder 1110, to generate a nultiplexed bit stream
M. Tiembetl i phékeat 123 Ot lveit fvdsshhes boh t o plex eolf bidclst fxmme M(mE dse
coded i mage signal 120a or the coded inage signal 120b. The operation of

t he i4ragen ot wgnappar eliessgedis i | imbge, descséeterb 0 i eftgp S¥EN. an i mage
signal Sg corresponding to a specific image is input to the apparatus
1200, the degitsi as @nicodkl 3kqileticde Sawkelrtespbhdidigs pbayhey cliesaf t he

i mge signal Sg is variable or not, and outputs the display cycle

| dentffdms E¥0) Noif catid Ngpddefid efmd de ofn ttige deeirsntiss Manrovddre, the first
to third data

] display time data Dyn (=Dy0) and coded image data Cgn (=Cg0) of

the frame are successively added to the header H (steps 836 and
$37). Thereafter, it is decided whether or not the frame being
processed (hereinafter, referred to as "object frame") in the

image signal is the last frame of the specific image in the
transmission order (step S38). When the object frame is not the
last frame, the count value n corresponding to the frame F(n)
(=F(0)), the transmission order of which is n-th, is incremented

by 1 (step S39), and the following frame F(n+l) (=F(1l)) is

subjected to the processes of steps S36~839.

The processes of steps S36-S39 are repeated until it is
decided in step S38 that the object frame is the last frame. The
coded image signal 120a is generated through the above-described
process steps.

on the other hand, when the result of the decision in step
S31 is that the display cycle is variable, a variable display

cycle identifier Df indicating that the display cycle of the

image signal is variable is added to the header H of the bit



generators 1232--1234 generate the sub-unit data Dk, the display gycISEP 200
mul'tiplier data Dm and the display data Dyn, respectively, based on the
i mge signal Sg, and the encoder 1110 70 encodes the image signal Sg and
outputs coded image data Cgn. The &8b-unit time data Dk, the display cycle
identifier Df, the display tinme data Dyn, and the coded i nage data Cgn are
~continually output toward the nmultipl exer 1220. The display cycle
multiplier data Dmis transmtted through the switch 1241, which is in the
ON state by the display cycle identifier Df, toward the nultiplexer 1220.
ThatStreamiear zaFRAHAS teh diheamage S¥gnadd s dhatoflt fyd o &Py is
I nput as the image signal Sg, the sub-unit tine data Dk, the display cycle
i dergubf~unritDit imehaladias Py shal S3AN « | pPhereakign, Dle (IOWEHRRPE i me data
Dyn of each frame, and the coded inmage data Cgn of each franme are out put
to tdtepaldIpisderar2zarriad wt mithegshyx genexzg; inhdhaiwoded image dat a
Dk, the display cycle identifier Df, the display cycle multiplier data Dm
. the sicpedd li2fdge data Cgn, and the display tine data Dyn are nmnultiplexed,
and the coded i mage signal 120a is output as the nultiplexed bit stream
m2. On theigther9handiswhehlanki dhggramghhlubtivahigng aar inmbye cegihe of
I mge display is input as the imge signal Sg, the swtch 1241 goes into
t he apifarsitaise 12000 e ridwariee peirsfuaimy dhe icdelindg ippodesishi s state, the
sub-unit time data Df, the display cycle identifier Df, the display tine
dat adoyirding to the second embodiment.

The image coding apparatus 1200 includes an encoder 1110
for coding an input image signal Sg to generate coded image data
Cgn, and a decision unit 1131 for deciding whether the frame
display cycle of the input image signal Sg is fixed or not, i.e.,
fixed or variable, and outputting a display cycle identifier Df
indicating whether the display cycle is fixed or not.

Further, the image coding apparatus 1200 includes three
data generators as follows: a sub-unit time data generator (first
data generator) 1232 for generating sub-unit time data Dk based
on the input.image signal Sg; a display cycle multiplier data
generator (second data generator) 1233 for generating display
cycle multiplier data Dm which indicates a numeric wvalue M for
expressing the frame display cycle by a multiplier (M) for the
sub-unit time, based on the input image signal Sg; and a display
time data generator (third data generator) 1234 for generating
display time data (display timing data) Dyn indicating the

display time h(n) of each frame, based on the input image signal

Sqg.



each franme, and the coded i mage data Cgn of each frane are output t'ﬂe1 SEP 20
mul tiplexer 1220. In the nmultiplexer 1220, the sub-unit tinme data Df, the
di splay cycle identifier Df, the display tinme 71 data Dyn, and the coded

i mage data Cgn are nultiplexed, and t&% coded i nmage signal 120b is out put
as the nmultiplexed bit stream M. Next, a description is given of a
decodi ng process for decoding a coded i nage signal having a data structure
according this second enbodinment, with reference to figure Figure 10 is a
flowchart of the decoding process. In the decoding process, initially, the
sub-unit t Furtderaobe,i rdleudadge wadiagmalppegiagsasd 1300 dncdaskesp afcoded

I mge signal 120a or 120b) sent fromthe coding end is read (step $40),
and tOw/OEF sgw bycleyk2 4l i fent $wikechDigi shelet botwit theticeenictiwhedhestate

di splay cycle of the coded imge signal is fixed or not (step $S41). Wen
it i swiiere dete tdigpldle cifche apukyipries datedm tie tinphiyted dred the
multiplier data Dm which expresses the display cycle T by a multiplier M
for toEF sstatmivhérereci{d/dNsplsy repell e funabht ipiei dweaitera Hmofis heate aelef, | mage
signal (step S42a). Subsequently, based on the sub-unit tinme data Dk and

t he diapddiyon ciyled elispldplcwrleaidedidfide I afwonlitdp ajechien Tanit

obtained by T = (1/N)X M (step S43a). Thereafter, the count value n',
whi chixr r esponds to the nunber first frame in the display order, is set
each frame F (n') fromthe (step S44a), and the display tine h'(n') of each
frame F' (nthel smagbatbaingy appatatihis=1208 Furshep SAbahdedt athis tine, the
coded i nage data
" multiplexer (MUX) 1220 for multiplexing the sub-unit time data Dk
from the first data generator 1232, the display cycle identifier
Df from the decision unit 1131, the display cycle multiplier data
Dm from the switch 1241, the display time data Dyn from the third
data generator 1234, and the coded image data Cgn from the
encoder 1110, to generate a multiplexed bit stream M2. The
multiplexer 1220 outputs the multiplexed bit stream M2 as the
coded image signal 120a or the coded image signal 120b.

The operation of the image coding apparatus 1200 will be
described bfiefly.

When an image signal Sg corresponding to a specific image
is input to the apparatus 1200, the decision unit 1131 decides
whether the display cycle of the image signal Sg is variable or
not, and outputs the display cycle identifier Df indicating the
result of the decision. Meanwhile, the first to third data
generators 1232~1234 generate the sub-unit time data Dk, the

display cycle multiplier data Dm, and the display time data Dyn,

respectively, based on the image signal Sg, and the encoder 1110



Cgn corresponding to each franme F(n) is decoded in the transnissi%ﬁaéﬁﬁéﬁg
generating decoded inmage data Rg r 72 corresponding to the frane F(n). F
Thereafter, it is decided whether or not the object frame ) counted in'the
display order is the last frame of tR8 specific inmage (step S46a). Wen the
object frane is the last frame, the decoding process is conpleted. Wen
the object frane 1is not the |ast frame,. the count value n' is increnented
by I (step S47a), and the processes of steps S45a--S47a are repeated

until it is decided in step S46a that the object franme is the |ast frane.

t he dutwdlasy theodaage tsHamde otk RNeyE RS e rimagso sty G98 -each
decoded frame F ( display t (n') displayed at _the the prescribed display
order n'. Thethubethdt hame, dakanDk: theddésHéayt RHElehadanspfagr Bfele is

variable in step S41, the count value n corresponding to the nunber n of
each trear sSElR)y itimehetataamyr s singh Wraderodesl simagesidaiasAay) arSubsequent |y,
the display tine data Dyn indicating the display time h(n) of each frane
F(n) domtrigach flryomuttipe th eanierrd tiee ruldniplkEer (224 S4B diaplathe di spl ay
tlrrecycle multiplier data Dm is transmitted through the switch 1241,

which is in the ON state by the display cycle identifier Df,

toward the multiplexer 1220.

That is, when an image signal having a fixed cycle of image

display is input as the image signal Sg, the sub-unit time data

Dk, the display cycle identifier Df, the display cycle multiplier

datale, the display time data Dyn of each frame, and the coded

image data Cgn of each frame are output to the multiplexer 1220.

In the multiplexer 1220, the sub-unit time data Dk, the display

cycle identifier Df, the display cYcle multiplier data Dm, the

coded image data Cgn, and the display time data Dyn are

multiplexed, and the coded image signal 120a is output as the
(m* multiplexed.bit stream M2.

on the other hand, when an image signal having a variable

cycle of image display is input as the image signal Sg, the

switch 1241 goes into the OFF state according to the display

cycle identifier Df. 1In this state, the sub-unit time data Df,

the display cycle identifier Df, the display time data Dyn of

each frame, and the coded image data Cgn of each frame are output

to the multiplexer 1220. In the multiplexer 1220, the sub-unit

time data Df, the display cycle identifier Df, the display time



h(n) of each frame F(n) is obtained according to the display time @&t £HRy Al
(step S44b). At this time, the coded i mage data Cgn each frame F(n) is
decoded in the transm ssion order. ereafter, it is decided whether or not
the object frame F(n) counted in t transm ssion order is the |ast frame
of the specific image (step S44b). \Wen the object frame is the | ast
frame, the decoding process is ended. Wien the object frame is | SEP 20C
not the last frame, the count value n is increnented by | (step S46b) and,
thereafter, the processe f.steps S42b; S46b_are e unt k1l L is

deci dab2i RYRt eFR&48 etﬂ%583hém6% cQRte rGAR aTE ?ﬁ££+§§$§$$an%$at%éédecoding
process, .the decoded i nn data Rg correspondi ng to each decode ane F(n)
i s dFeperdyirage fhInal; %gsaylﬁﬂ‘é‘?weﬁ)a%f&?ﬁe‘“‘ﬂ 5?1%1%’(“?1‘5' ‘Phtt%%g%%scri bed
display order n'. Figure 11(a) is a block diagramillustrating the
stru2ure an i mage decodi ng apparatus 2200 as hardware perfornming the
decodi ng process of the second enbodi nent. The imnmage decodi ng appar at us
2200 decodfextand AeSCFARIELN tife Fiyan Fifefe 8599 1NG PHAGHES CFl'tcf'élocoded i mage
signal 120a or 120b) output fromthe inmage codi ng apparatus 2000. More
specii¢¢eding  a t¢rdedmipage colonygl dppaing 3 3209 S%ﬁ%? R &F 19 pl exer
(DEMUX) 2210 for extracting, fromthe nultiplexed bit stream M2, the
sub-tmi this neecknd @rbod heent spyith rgEereneent?ffE9ure 1@he display cycle
multiplier data Dn the display tinme data Dyn, and the coded inage data
Cgn, and Fdaguget 10ngst kedfd owhartand &bgedeged iz prosesgecodihdhe coded

i mage data Cgn and outputting decoded i mage data Rg. .
' decoding process, initially, the sub-unit time data Dk included

in the multiplexed bit stream M2 (coded image signal 120a or
120b) sent from the coding end is read (step S40), and the
display cycle identifier Df is detected to decide whether the
display cycle of the coded image signal is fixed or not (step
S41). When it is decided that the display cycle is fixed, the
display cycle multiplier data Dm, which expresses the display
cycle T by a multiplier M for the sub-unit time (1/N), is read
from the header H of the coded image signal (step S42a).

(M, Subsequently; based on the sub-unit time data Dk and the display
cycle multiplier data bm, the frame display cycle T is obtained

(1/N) XM (step S43a). Thereafter, the count value n',

by T

which corresponds to the number n' of each frame F'(n') from the
first frame in the display order, is set to 0 (step S44a), and
the display time h'(n') of each frame F'(n’) is obtained by
h'(n') = n'XT (step S45a). At this time, the coded image data
Cgn corresponding to each frame F(n) is decoded in the

transmission order, generating decoded image data Rg



-

Further, the image decodi ng apparatus 2200 includes a first C»UC&F1§ﬁﬂ%@ﬁﬂ
2240 for swtching the circuit between the ON state where the display
cycle multiplier data Dmis transmtted and the OFF state where the display
cycle multiplier data Dmis cut o 704274 according to the display cycle
identifier Df; and a second OV OFF switch 2250 for switching the circuit
between the ON state where the display tinme data Dyn is transmtted and
the OFF state where the display tine data Dyn is cut off, according to the
display cycle. identifier Df. Furthernore, the inmage decodlng appar at us
220009ﬁ69ﬁ88§d&n9dF§pF§? gRAMe2548 ) whi ch receives the display cycle

mul tiplier data Dmand the displa tlne data Dty through the first and
second ONBETregfieRhesiboiy dpRL heldhge @F vl the QRi¢chsirame
sub-unit tinme data Dk and the decoded i mge data Rg, and perforns i mge

di spFaynrad enunpedsdpi bbe display erdeigiBasbeg das t fgmegafathehe
operation of the inmage decodi ng apparatus 2200 will be described briefly.
whenspreifict iphgredstep Sthaam M¥hemoiheheblierkgdreae 1§ &pgadasts 1200 is
input to the image decoding apparatus 2200, in the demultiplexer 2210, the
sub- dmamet | theddegaodbrg pnecasgpuayceypuetedentWhﬁ@rtmﬁ 0@0@C¢h6ramsplay
cycle multiplier data Dm are separated fromthe multiplexed bit stream M
and, isunbhether dasthérdinepl thet cowntavaldgnnandst hncrededtednbyeldat a Cgn
are separated frame by frame fromthe bit stream M2. The coded i mage data
Cgn ¢stepch47appeand tibeodedcbgsebeofdetedsr S2320S4Rd ahenrepeptiedas
decoded i mage data Rg toward the

until it is decided in step S46a that the object frame is the

last frame.

In the decoding process, the decoded image data Rg
corresponding to each decoded frame F'(n') is displayed at the
display time h'(n') in the prescribed display order n'.

On the other hand, when it is decided that the display
cycle is variable in step S41, the count value n corresponding to
the number n of each frame F(n) in the transmission order is set
to 0 (step S42b). Subsequently, the display time data Dyn
indicating fhe display time h(n) of each frame F(n) is read from
the header H of the frame F(n) (step S43b), and the display time
h(n) of each frame F(n) is obtained according to the display time
data Dyn (step S44b). At this time, the coded image data Cgn of
each frame F(n) is decoded in the transmission order.

Thereafter, it is decided whether or not the object frame
F(n) counted in the transmission order is the last frame of the
specific image (step S44b). When the object frame is the last

frame, the decoding process is ended. When the object frame is



di splay unit 2230. Meanwhile, the sub-unit time data Dk is outpul Hipegtdlf
to the display unit 2230. The display cycle SEP 200? 75 nmultiplier data Dm
is output through the first OV OFF sw,tch 2240, which is turned on or off
by the display cycle identifier O, oward the display unit 2230, while
the frame display tine data Dyn is output through the second OV OFF swi tch
2250, which is turned on or off by the display cycle identifier Df, toward
the display unit 2230. Wien the nultiplexed bit stream M is the coded

[ [ I i fi di_ spl I he fi d d
b&fg f;%ﬂdc%éégéfgéﬁéﬂgtgfsbégﬁg %ﬁﬁgﬁén%&gs?af%sﬁeaﬁéﬁaﬁzﬁ?tﬁé%%ﬁ” b
e Ct ot VR ist . . 2 . .
Sispkagﬁﬁiepﬁ? FRETEALL fah hseisﬁﬁe%ﬁrégﬁ9es%#8§ﬁ§g2é§§85§ﬁ§%%258 are in
OFF . .di it 2230 ' .
Cor + SEBEAEG B Lind adRo dEa LR Rllg S st abrg 4Ry LRt e Bh AP Ep FEP ™ cycl e i s
di spl.ayed a prescribed display timng based on the sub-unit tinme data

a
Dk ard thHe iP§EI£§aE?CIe multiplier data Dm this case, the display timng

of each frame is the djsplay corresponding {o. the decoded i mage data Rg
havi ng a V4t s deecdip (PFE—/‘{OEET@'X e c{g{éqqﬁ:d ofasge iR RB%e i mage of each

frame tine h'%g') which is obtained by an arithnetic_expression, h'(n")
pr esEPTBEAPPNHLRY baseacBnderedadsprapet FAB) dafadpplayrdt AFsthSse, the
display timng is the display cycle is displayed display time h(n) which is
deci 6é8pbyvt heémai Bpnayof gheafprge Rényeibr FhEIPEBSTELIPEEcBIEPHEYt 0 t he

second enbodi nent
('- order n'.

Figure 11(a) is a block diagram illustrating the structure
of an image decoding apparatus 2200 as hardware performing the
decoding process of the second embodiment.

The image decoding apparatus 2200 decodes and reproduces
the multiplexed bit stream M2 (the coded image signal 120a or
120b) output from the image coding apparatus 2000.

More specifically, the image decoding apparatus 2200
includes a demultiplexer (DEMUX) 2210 for extracting, from the

(;H multiplexed bit stream M2, the sub-unit time data Dk, the display
cycle identifier Df, the display cycle multiplier data Dm, the
display time data Dyn, and the coded image data Cgn, and
outputting these data; and a decoder 2220 for decoding the coded
image data Cgn and outputting decoded image‘data Rg.

Further, the image decoding apparatus 2200 includes a first
ON/OFF switch 2240 for switching the circuit between the ON state
where the display cycle multiplier data Dm is transmitted and the

OFF state where the display cycle multiplier data Dm is cut off,



- the invention, since the data structure of the coded image signalj i BEPuLlBS
the sub-unit time data Dk indicating the length of the sub-unit tine (1/N),
which is obtained by dividing a preﬁprlbed e interval with N (natural '

* nunber), by the natural nunber ¢ the di splay cycle nultiplier data Dm
indicating the fixed frane display cycle T by a nultiplier Mfor the
sub-unit tinme (1/N), in addition to the display cycle identifier Df

i ndicating whether the display cycle of each frame is variable or not.

Ther ef ore,. when proce a co havi g a fixe frane rate,
he SR Fo RS it the SorEe HIRRELEldEds SARANE AN I

det ect ed be ecodi ng .each franme, whereby the varlous hard

Str AT 2001 FK REHEIRENT HeMS et & grasresn e O rH 1S SR ¢ her
the data structure of the coded imge sjgnal according to the second
enbddigrehts #ﬂ:YLi"d’é%etq?et%d?;Whn}‘-i Fﬁwm ed Bad tihe HidhIHhpts here
identifier , the dlsplay cycl e ltiplier data Dm and the display tine
dat a“[%/rfllstﬂi’e%lé e, dHa Ryt 915? t iRFELng & Bhe idEsRLaF each
frame, as additional data for deciding the timng of reproduction for each
f r arfiy ke tidenfedodthPend. However, in place of those additional data for
deciding the display timng of each frame, the data structure of the coded
i mge si ghartheymprel uthe a@ﬁgﬁl@ﬁQPdQEGaaPPQIaﬂéélaﬂﬂg tneludapng of

decodi ng each frame, i.e., sub-unit time data, decoding cycle identifier,
decGUlﬁiQ-aGyGU@-tmﬂ?ﬁ%IWhéﬁh dmceivasd td@:@ﬁlsrl?dam wycda aultdpdiieatter, such
data structure wll be described as a nodification of the second

(enbestiitredm andvidief iddspilay éfimendedian®ity Dhronghhéheatfd rsttr @adur e accor di ng
to the nodification of the

second ON/OFF switches 2240 and 2250, respectively, as well as

the sub-unit time data Dk and the decoded image data Rg, and

performs image display at the prescribed display timing based on

these data.

The operation of the image decoding apparatus 2200 will be
described briefly. When the multiplexed bit stream M2 from the
image coding apparatus 1200 is input to the image decoding
apparatus 2200, in the demultiplexer 2210, the sub-unit time data

(h_ Dk, the dispiay cycle identifier Df, and the display cycle
multiplier data Dm are separated from the multiplexed bit stream
M2 and, furthermore, the display time data Dyn and the coded
image data Cgn are separated frame by frame from the bit stream
M2.

The coded image data Cgn of each frame is decoded by the
decoder 2220 and then output as decoded image data Rg toward the

display unit 2230. Meanwhile, the sub-unit time data Dk is

output directly to the display unit 2230. The display cycle



second enbodi nent, the display cycle identifier Df and the displa cycl
multiplier data Dnin the coded i nage signal 120a of the second e @Bm
are replaced with a decoding cycle identifier DEf and decodi ng cycle

mul tiplier data DEp, and the display’%ﬁne data Dyn in the coded i nmage

signal 120b of the second enbodinent is replaced with decoding tinme data
DEyn. The decodi ng cycle identifier DEf indicates whether the cycle of a
decodi ng process for decoding a coded inage signal each frane is variabl e

or not._ A fixed decoding, cycle identifier S |nserz%€ in codeg mage
si gnafulthpl 4ok odeha Bpcte ?ﬁtRBFthFgugthﬁe fhrse QN FaﬁV%t cotthg

cycle identifier DEf is inserted in a_coded inage signal, the decodlng
cycl eWIiChf isnterned QBrpELPEL HYiethecdiFhipY eYelentdentitienabts DEm
i ndi cates the frame _decodi ng cgcle DI by a multiplier Mfor_ the_sub-unit
time tavayd theedisplayngniht23hovwhdhy theetrang displRyobing 43%2e DT is
as long as the sub-unit tinme. The decoding tine data DEyn indicates the
ti i Mgyt isieetpaecbir ogghf teacheeerieON SORRr W U225 Thewlbel nts process
for generating the coded image signal having the data structure according
to thtwrmedidn cex | @ff dby t blee dbsphaly erpobie nident 5f tem| PLedtowardptlei ng
steps S31, S32, S33, S34, and S36 in the flow of figure 8 as follows. That
is, tdisplaceassitof22@ei di Wgenhthdi splayptyxeéd bt ssers3m M2 ieptheed with
t he process of deciding whether the decoding 78 cycle is fixed or not; the
processied akhergsidmali k2th dhapimy ayflixed déisp¥aprcpfléen thepfl@3Xis
repl aced with the process adding the fixed decoding cycle identifier DEf
(and tdred pwemmsd ON/OFF switches 2240 and 2250 are in the ON states,

and when the multiplexed bit stream M2 is the coded image signal

120b having a variable display cycle, the first and second ON/OFF

switches 2240 and 2250 are in the OFF states.

In the display unit 2230, the image of each frame

corresponding to the decoded image data Rg having a fixed display

cycle is displayed at a prescribed display timing based on the

sub-unit time data Dk and the display cycle multiplier data Dm.

In this case, the display timing of each frame is the display
( time h'(n') which is obtained by an arithmetic expression, h'(n')

= PXn' (T=(1/N)XM). On the other hand, the image of each frame

corresponding to the decoded image data Rg having a variable

display cycle is displayed at a prescribed timing based on the

display time data Dty. 1In this case, the display timing is the

display time h(n) which is decided by the display time data Dty.

As described above, according to the second embodiment of

the invention, since the data structure of the coded image signal

includes the sub-unit time data Dk indicating the length of the



- adding the variable display cycle identifier Df in step S34 is repl aced
with the process of adding the variable decoding cycle identifier JDEf SEP 2
Further, the process of adding the display cycle nultiplier data Dmin step
- S33 is replaced with the process addi®y the decoding cycle nultiplier data
DEm and the process adding the display tinme data Dyn in step S36 is
repl aced with adding the decoding tinme data DEyn. Figure 9(b) shows the
structure of an imge coding apparatus 1200a as hardware for performng
the coding process according to the nodification of the second enbodi nent.
The i #ageuBatli himapph/ ¥ uswh2obaisnebtidéned Becidivedingia pueseribed
deci di ng whether the franme decoding cycle of the input 1nmage signal Sg is
fi xedttmendnterval witked énavaraibhembaeni, byt baethagusatcewabey Bycl e
i dentifier DEf indicating whether the decoding cycle is fixed or not, in
pl aceanfl the déspltapncynile milBiplieludataibmt bedieatging odhegf Bpedr at us
1200 of the second enbodinent. The i mge codi ng apparatus 1200a includes a
decodingmeydisplayl ¢typleeT bnta mebbipl der (Mefondthatsulgeneittbine 1233a
whi ch generates the decoding cycle nmultiplier data DEm i ndicating the
frame(tUeepdi hy agdividy wonthei pisprap ¢pelé hbdenbifietr Rf nendidjtibgsed on
the input inmage signal Sg, in place of the "0 1 SEP 200 79 display cycle
mul t i whéehetatike gthepBaProd@Bd of ¢deh i fegre chsli vigr Baipbe adtisnd200. The

apparatus 1200a further includes a decodin data generator (third data

generphérefdr8iavhén Obr geees fig@sSa coded image signal having a fixed
frame rate, the value of the fixed frame rate of the coded image
signal can be detected before decoding each frame, whereby the
various hardware structures for implementing the image display
can be simplified.

Further, the data structure of the coded image signal
according to the second embodiment includes the sub-unit time
data Dk, the display cycle identifier Df, the display cycle
multiplier data Dm, and the display time data Dyn, these data
being used for setting the display timing of each frame, as

( ©additional aata for deciding the timing of reproduction for each
frame at the decoding end. However, in place of those additional
data for deciding the display timing of each frame, the data
structure of the coded image signal may includes additional data
for deciding the timing of decoding each frame, i.e., sub-unit
time data, decoding cycle identifier, decoding cycle multiplier
data, and decoding time data. Hereinafter, such data structure

will be described as a modification of the second embodiment.

{Modification of Embodiment 2)



the decoding time data DEyn indicating the decoding tinme Dh(n) eadh 1f SaPe i
( , based on the input image signal | place the display tine data generator
1234 of the inmage coding apparatus 1200. the image codi ng apparatus 1200a,
the nultiplexer (MJX; 1220a nultipleXds the sub-unit time data Dk, the
decoding cycle multiplier data DEm and the decoding tine data DEty W th
the coded i nage data Cgn of each frame F(n), and outputs a coded i nmage
signal having a fixed decoding cycle or a coded inage signal having a
vari abl e decoding cycle as a nmultiplexed bit stream Ma. OQh
constituenis §hetHétapEﬁﬁ&?ﬁ§r92995°£ﬁén9d§ﬁtFB&ImPﬁé§éC§FlPﬁe°ﬁn§58 codi ng
apparatus 1200 the second enbodi ment. Hereinafter, the operation of the
| mage esuich erbsbiments,  tlEDGHLsRkAY dIyele ddent ifdan iG@ansh 1€ t he second
enbodi ment will be briefly described. Wen the image signal Sg is input to
t he abisplayusSyka00 mild igecier olatmilm 18 thejasidtss Weaeh&ig d@d&di ng
cycle of the image signal Sg is variable or not, and outputs the decoding
cycl ef derd iSd@mdDEmhadinett e heplesigd wﬁthl&adﬁﬂﬂdﬁngmcydMﬁﬂwwnIe, t he
first data generator 1232a generates the sub-unit tinme data Dk, and the
secondieand fiildr OHateandy elemratiores ch93a mrddt ibislerPd&3®a DEp, and the
display time data Dyn in the coded image signal 120b of the
second embodiment is replaced with decoding time data DEyn.
The decoding cycle identifier DEf indicates whether the
cycle of a decoding process for decoding a coded image signal of
each frame is variable or not. A fixed decoding cycle identifier
DEf is inserted in a coded image signal, the decoding cycle DT of
which is fixed, while a variable decoding cycle identifier DEf is
inserted in a coded image signal, the decoding cycle DT of which
is wvariable.
The decoding cycle multiplier data DEm indicates the frame
decoding cycle DT by a multiplier M for the sub-unit time (1/N),
i.e., it indicates how many times (M) the decoding cycle DT is as
long as the sub-unit time. The decoding time data DEyn indicates
the timing at which decoding of each frame is carried out.
The coding process for generating the coded image signal
having the data structure according to this modification of the
second embodiment is realized by replacing steps S31, S32, S33,
S34, and S36 in the flow of figure 8 as follows.
That is, the process of deciding the display cycle in step

S31 is replaced with the process of deciding whether the decoding



(

1234a generate the decoding cycle nmultiplier data DEm and the dechin@EP i
tine dat'a DEyn, respectively. The encoder 1110 encodes the inage signal Sg
and outputs coded i mage data Cgn. The decodi ng cycle identifier DEf from
the decision unit 1231a, the coded78ata Cgn fromthe encoder 1110, and the
data Dk and DEyn fromthe first and the third data generators 1232 and
1234a are input to the multiplexer 1220a. Further, the decoding cycle

mul tiplier data DEmfromthe second data generator 1233a is input to the
mul ti pl exer 1220a through the switch 1241a. The nmultiplexer 1220a

nul taystlexds thised gt aotandhritprincess daddingddiesifdaad hdd@Ya fi xed
decoding cycle or a variable decoding cycle as the nmultiplexed bit stream
Ma.cydie didenrtifdmet; Dfhelpratees SIbrigdampdiaged witdodde ipregess @fal havi ng
the data structure according to this nodification the second enbodi nent is
r ealadzkichdoyt hree (f iawEich gl estasin oS4y ¢ 194 2iad er@4idnl e rISPEL ;S4uiel tIE prog@$sS47a in
the flow of figure 10 as follows. That is, the process of deciding the

di spifayadeiiciee tihe staapiabidd] displepyt aged eniitdenthie ipmo &dS s.rofstadgc iSdidng-swhet her
t he decoding cycle is fixed or not; the process of reading the display
cyclrephddeadhiiath daica fRmdessstodp ailing Shreepaadedlw decolddny eyeds r eadi ng
the decoding cycle multiplier data DEm and the process reading the data
Dyn iideditGatiiarg pEfe dimpHayer j nehd (podesstap fiRing heepl impddawidyicliche
process of reading the data DEyn indicating the decoding time Dh(n 01 81

Fur whari gihe rdeses smofiokitaipnissy tie riptpload winh hbe) proeess of the data
Dyn in step S44b is replaced wth the process

adding the decoding cycle multiplier data DEm; and the process of
adding the display time data Dyn in step $36 is replaced with

adding the decoding time data DEyn.

Figure 9(b) shows the structure of an image coding
apparatus 1200a as hardware for performing the coding process
according to the modification of the second embodiment.

- The image coding apparatus 1200a includes a decision unit
1131a for deciding whether the frame decoding cycle of the input
image signal Sg is fixed or not, i.e., fixed or variable, and
outputting a‘decoding cycle identifier DEf indicating whether the
decoding cycle is fixed or not, in place of the decision unit
1131 included in the image coding apparatus 1200 of the second
embodiment.

The image coding apparatus 1200a includes a decoding cycle
multiplier data generator (second data generator) 1233a which
generates the decoding cycle multiplier data DEm indicating the

frame decoding cycle by a multiplier M for the sub~-unit time

il/N), based on the input image signal Sg, in place of the



obt ai ning the decoding time Dh(n) based on the data DEyn; and thegp1og§§$mﬂ
of setting the count value n' to O in step S44a, which count val ue
corresponds to the nunber n' of each frame F (n') counted in the display
order fromthe head frame, is replacdd with the process of setting the
count val ue which count value corresponds to the nunber n of each frame F
counted in the transm ssion order fromthe head frame. Further, the process
of obtaining the display tine h'(n') each franme F'(n') by h'(n")=n" XT in
step S45a is replaced wth the process of obtaining the decoding tine
Dh('n)diﬁPlb@CfﬂY¢bﬁ=rémF¥ﬁ}Pb§'eDh‘€ag@ eRRiEREPHnl 1he %ﬂgc‘b‘eﬁ n’g}“%%l"\’:‘gctﬂﬂ%nd t he

nunber n indicating the transm ssion order of the frame; and the _process

of i reppaEatumgl20@. colhe appasahusi h2@0apfonvher sipgppdesqa viieFoding
incrementing the count value Figure 11(b) is a block diagramillustrating
the stimetdata mémgerdemm@gd@ma@twmndwmﬁm& ANRXAE ng t he
decodi ng process according to the nodification of the second enbodinent.
The i ineg edessbiha gt Hpp adat aisDRPD 0bnd beat g the dededinexeone b (r) rdfam M2a
output fromthe inmage coding apparatus 1200a, and subjects the multiplexed
bit séactanfiiee ti(neprivased i om thel inpuly imepsdignahdEali s 34 adw rat
specifically, the imge decoding apparatus 2200a P 82 includes a
denulthe! sl {PEMMEG PAiDagémerabdr ak2Ih@f frhen inege coding
apparatus 1200.
In the image coding apparatus 1200a, the multiplexer (MUX)
1220a multiplexes the sub-unit time data Dk, the decoding cycle
multiplier data DEm, and the decoding time data DEty with the
coded image data Cgn of each frame F(n), and outputs a coded
image signal having a fixed decoding cycle or a coded image
signal having a variable decoding cycle as a multiplexed bit
stream M2a.
Other constituents of the apparatus 1200a are identical to
those of the image coding apparatus 1200 of the second embodiment.
(;; Hereinéfter, the operation of the image coding apparatus
1200a according to the modification of the second embodiment will
be briefly described.
When the image signal Sg is input to the apparatus 1200a,
the decision unit 1131la decides whether the decoding cycle of the
image signal Sg is variable or not, and outputs the decoding
cycle identifier DEf indicating the result of the decision.

Meanwhile, the first data generator 1232a generates the sub-unit

time data Dk, and the second and third data generators 1233a and



mul tiplexed bit stream M2a, the sub-unit tine data Dk, the decodpny SyelZ(4
identifier DEf, the decoding cycle multiplier data DEm the decoding tine
data DEyn, and the coded i mage data Cgn, and outputting these data, in

- place of the denultiplexer 2210 the8Pnmage decodi ng apparatus 2200 of the
second enbodi nent. Further, the inmage decodi ng apparatus 2200a includes, in
pl ace of the first and second OV OFF swi tches 2240 and 2250 the i mge
decodi ng apparatus 2200, a first OV OFF switch 2240a for switching the
circuit between the ON state where the decoding cycle nultiplier data DEm
i s tridda gemerate tthe derosting apedree mulial pdaiiar Dé’ﬁai PERyAnsk fthephased on
the decoding cycle identifier DEf; and a second OV OFF swi tch 2250a for

swi t cleaugline tdimec Wiatta PRymeeraspeciNvstiat-e e endaderedodihgenaadesiat a
DEyn is transmtted and the OFF state where the data DEyn is cut off,
based:hen itmagyed edguhialg Sgy el . icdehputisi eoded imadge idedge Cdwcodi ng appar at us
2200a, the sub-unit tine data Dk fromthe demultipl exer 2210a, and the
decodi ng cykéedecndingl cpcldaidehEif dad DRE firomdihg decesiianauliByn from
the first and second OV OFF switches 2240a and 2250a are supplied the

decoder3 1232 @heanddede dditapicayn Wriom 2A0@ncoderdddddgr a2z?dhe ta¢acdited
i mge data Cgn of each frame F(n), the decoding cycle of which is fixed, is

decoqed DEgfe fiwml rhee fatrstthand rdheg thdecodiang igemerBtors=0232Z ahddeci ded
by the sub-unit tine data Dk and the decoding cycle multiplier U1l )Li 2U

83 daba4FareMinbatt ke eoadedulaga eteira 1820aQf @anit Hamne He( Rlecodimg

decoding cycle of which is variable, is decoded frame by frane

( cycle multiplier data DEm from the second data generator 1233a is
input to the multiplexer 1220a through the switch 124la. The
multiplexer 1220a multiplexes these data, and outputs a coded
image signal having a fixed decoding cyclé or a variable decoding
cycle as the multiplexed bit stream M2a.

On the other hand, the process for decoding the coded image
signal having the data structure according to this modification
of the second embodiment is realized by replacing steps 541, S42a,
S43b, S44a, S44b, S45a, and S47a in the flow of figure 10 as

(;} follows. |

That is, the process of deciding the display cycle in step
S41 is replacedrwith the process of deciding whether the decoding
cycle is fixed or not; the process of reéding the display cycle
multiplier data Dm in step S42a is replaced with the process of

- reading the decoding cycle multiplier data DEm; and the process
of reading the data Dyn indicating the display time h(n) in step

S43b is replaced with the process of reading the data DEyn

indicating the decoding time Dh(n).



the tining (decoding time Dh(n)) decided by the decoding time daté) dEpEP 200

Further, in the display unit 2230a, the decoded i mage data Rg of each

frame F(n), the decoding cycle of which is fixed, is displayed frane by

frame at the timing (display tinme h(®) decided by the sub-unit tine data

Dk and the decoding cycle nultiplier data DEm while the decoded i mage data

Rg each frame F(n), the decoding cycle of which is variable, is displayed

frame by frame at the timng (display decoding data DEyn. h(n)) decided by

the Ot her constituents of the inmage decodi ng apparatus 2200a are identical
éﬁ%@h&ﬁkﬁ

to those ofuridermddeddLoGias§ izpgodhe K- spd@yh & 18R SdiMent .
Herei nafter, the operation of the inage decoding apparatus 2200a will be
descrhaeed on cthy  daprnDYhelmstep| Skde b5 treplagad WAt sthe R¥OFRSE he
apparatus 2200a, in the denultiplexer 2210a, the sub-unit tine data Dk,
t he defoshrayinimg etine| deégpdbng daime OMn{n ) Heased oo nhe cdata PEER: i dRer DEf,
the decoding tinme data DEyn, and the coded inmage data Cgn are separated
fromthe précass eain Mt indg ctive corient 222Dig mheke t helrezoel ngt43cl e of the
i nput coded image signal is fixed, the coded inmage data Cgn is decoded
which count value corresponds to the number n' of each frame
F'(n') counted in the display order from the head frame, is
replaced with the process of setting the count value n to 0,
which count value corresponds to the number n of each frame F(n)
counted in the transmission order from the head frame.
Further, the process of obtaining the display time h'(n')
of each frame F'(n') by h'(n')=n'XT in step S45a is replaced
with the process of obtaining the decoding time Dh(n) of each
frame F(n) by Dh(n)=nXDT based on the decoding cycle DT and the
number n indicating the transmission order of the frame; and the
process of incrementing the count value n' in step S47a is
replaced with incrementing the count value n.
Figure 11(b) is a block diagram illustrating the structure
of an image decoding apparatus 2200a as hardware performing the
decoding process according to the modification of the second
embodiment.
The image decoding apparatus 2200a receives the multiplexed
bit stream M2a output from the image coding apparatus 1200a, and
subjects the multiplexed bit stream M2a to reproduction including

decoding and display.

More specifically, the image decoding apparatus 2200a



frame by frame at the timng decided by the sub-unit time data Dk §41aBlP
t he decoding cycle nultiplier data DEm Wen the decoding cycle of the

i nput decoded image signal is variable, the coded imge data Cgn is
decoded franme by frane at the tining’?%ecoding time Dh(n)) decided by the
decoding time data DEyn. The decoding e of the coded i nage signal, the
decodi ng cycle of which is fixed, is decided by the product of the nunber n
indicating the transm ssion order and the decoding cycle DT (=(11N) XM,
and the decoding_ tine of the coded image signal, the decoding c%c+e whi ch

i s vairabrdesia @@@FH@HP%?X?He(HEEQH?ngzb9ﬁlgoﬁa?%tfﬁﬁﬁﬁnﬁhe PRHRS uni t
2230a, the inmage of each frane F(n& corresponding to the decoded i mage data
Ry, tmelubpbexed kil styparnMza, f theqgsubsunitprieddata Pr e5R%i bed tini ng
based on the sub-unit tinme data Dk and the display cycle nultiplier data
DEm decodbngt¢relaabdent hbierablt of thachespdhnd FEYTLe Jnksphtehgdatde
decoded i nage data Rg, the decoding cycle of which is variable, is

di splkBmd the adereding beime | dahy Diged andthke cededi HIRYS et GIDE y.
this nodification of the second enbodi nent, as in the second enbodi nent,

t he cami@dutmyet sigrheyndabl ai Hedpbyceodf nthandemalieipl efer 2HEP W@Bs t he
decodi ng cycle identifier DEf indicating whether the cycle of inmage
decodilng fmgeatdcddime dppavatrusb?200rofiothe t$rcond-empedimert data Dk and
the decoding cycle nultiplier data DEm which indicate a fixed decodi ng
cycl e, andFufritettsc ddtiendmaigee deats iDgy mpphireltusn di2d@ee d ncladescodinng ti ne.
Therefore, when the cycle of imge decoding for each frane is 1

" place of the first and second ON/OFF switches 2240 and 2250 of

the image decoding apparatus 2200, a first ON/OFF switch 2240a
for switching the circuit between the ON state where the decoding
cycle multiplier data DEm is transmitted and the OFF state where
the data DEm is cut off, based on the decoding cycle identifiér
DEf; and a second ON/OFF switch 2250a for switching the circuit
between the ON state where the decoding time data DEyn is
transmitted and the OFF state where the data DEyn is cut off,
based on the decoding cycle identifier DEL.

In thé image decoding apparatus 2200a, the sub-unit time
data Dk from the demultiplexer 2210a, and the decoding cycle
multiplier data DEm and the decoding time data DEyn from the
first and second ON/OFF switches 2240a and 2250a are supplied to
the decoder 2220a and the display unit 2230a.

In the decoder 2220a, the coded image data Cgn of each
frame F(n), the decoding cycle of which is fixed, is decoded
frame by frame at the timing (decoding time Dh(n)=DTXn) decided

by the sub-unit time data Dk and the decoding cycle multiplier



85 fixed, the coded inmage signal can be decoded by a sinple circuiff ] SEP 20
structure, i.e., based on the sub-unit tine data Dk correspondi ng one i mge
and the decoding cycle nultiplier data DEm having a relatively small data
quantity (bit nunber), without referfding to the decoding tinme data DEyn
having a relatively large data quantity (bit nunber) for each frane.
Further, when the cycle of imge decoding for each frane is variable, as
in the conventional decoding process, the coded inmge signal can be
decoded with reference to the decoding tine data DEyn for each frame. In
t he detafDPBuiiwhide the sededdimapedidatat CynnphacachhfsamgeBhnpl akhg on an
| mge decodi ng apparatus 2200a which perforns inage display of each frane
as wdetodindecpdlagotfwhach fsawariabtey disgdecodedaffamedeyi fraget at
decoding timng of each frame, which data is included in the coded inmage
si gnahe timéngr (danodimgetieeodhy) appecaded i the pdetodisgdbinei ng wel |
as image display of each frame deciding the display timng of each each
frangata BEgnrding to data for frame, which data is included in the coded
i mge signal, is also within the scope present invention. the this case,
t he decodimg@theh,nd mtthshidizpdesodinig @2 3®ach tHe aleedded dmaged datta i s set
according to display timng data

Rg of each frame F(n), the decoding cycle of which is fixed, is

displayed frame by frame at the timing (display time h(n))

decided by the sub-unit time data Dk and the decoding cycle

multiplier data DEm, while the decoded image data Rg of each

frame F(n), the decoding cycle of which is variable, is displayed

frame by frame at the timing (display time h(n)) decided by the

decoding time data DEyn.

Other constituents of the image decoding apparatus 2200a
are identical to those of the image decoding apparatus 2200 of

the second embodiment.

Hereinafter, the operation of the image decoding apparatus
2200a will bé described briefly.

When the multiplexed bit stream M2a is input to the
apparatus 2200a, in the demultiplexer 2210a, the sub-unit time
data Dk, the decoding cycle multiplier data DEm, the decoding
cycle identifier DEf, the decoding time data DEyn, and the coded
image data Cgn are separated from the bit stream M2a.

In the decoder 2220a, when the decoding cycle of the input
coded image signal is fixed, the coded image data Cgn is decoded

frame by frame at the timing decided by the sub-unit time data Dk



plural frames including an object frame to be decoded. That basec{]dﬁnSEPen
display timng data of the object frame and the 2Q04 display timng data of
the next frame transmtted subsequen%gz to il SEP 200 86 the object
- frame, the decoding timng of the obj%¥tt frane is set atimng that is
earlier, by a prescribed offset tine, than the earlier display timng
between the display timngs of the object frame and the next frane. To be
specific, when the display timng of the object frane is earlier than the
display timn the next frame transm_tted_ _subsequent]|y to the obj ect

frarrean‘E‘hEh%fgg%‘?d%PﬁecY§1§e¥‘“iLBlallP§nﬁ?ﬁaI%‘Qer ¥hsh FH@ #eRediBgui r ed
for decoding the object frame. On the other hand, when the dlspla timng

of th‘éY‘Hla%tOffF]aﬁel’(lP%F deanped, uaamlg%hsmt%al%%eq%%tw €8 the
object franme (for exanple, P-VOP) is earlier than the dlsplay timng the
objec%mﬁggn@at@H%Q@fi%e@e@@ﬁﬁdlEIQ@? by frameath thedeimingn{deseding of
the time required for decoding the object frame and the time required for
decodt inge t Ple( mextdee bded Mebhe dedrdgngrbimendata DEERodi Byepdegedingor

i npl enenting, with software, the image processing by the coding apparatus
or t heinkecolli the appledt UBage coiginal, t thangeeddine dycke efdvbiehnds

enbodi nents and the nodifications thereof, recorded in data storage nedi a
such Gixed { | bpplecidéd bhethengeoduotesti the mambdie reamidicakrgiteale i n an
i ndependent conputer system Figures 12(a)-12(c) are diagrans for

expl atramgmideei e serdevheamd ttige cdsltd@ingg cogshe @T t e WATORM)g @mel e
‘according to any

decoding time of the coded image signal, the decoding cycle of

which is variable, is decided by the decoding cycle data DEyn.

In the display unit 2230a, the image of each frame F(n)
corresponding to the decoded image data Rg, the decoding cycle of
which is fixed, is displayed at a prescribed timing based on the
sub-unit time data Dk and the display cycle multiplier data DEm.

On the other hand, the image of each frame F(n) corresponding to
the decoded image data Rg, the decoding cycle of which is
variable, is displayed at a prescribed timing based on the
decoding time data DEty.

In this modification of the second embodiment, as in the
second embodiment, the coded image signal Cgn obtained by coding
an image signal includes the decoding cycle identifier DEf
indicating whether the cycle of image decoding for each frame is
variable or not, the sub-unit time data Dk and the decoding cycle
multiplier data DEm which indicate a fixed decoding cycle, and

the decoding time data DEyn which indicates the decoding time.

Therefore, when the cycle of image decoding for each frame is



- the enbodi ments and the nodifications of the invention is executed fySar 2004
conputer systemusing a floppy di sk which contains the coding program or

t he decoding program 87 Figure 12(a) shows a front view of a floppy disk
FD, a cross-sectional view thereof,8&nd a floppy disk body D. Figure

12(b) shows an exanple of a physical format of the floppy disk body D. The
fl oppy disk body Dis contained in a case FC, providing the floppy disk
FD. On the surface of the disk body D, a plurality of tracks Tr are forned
concentrically fromthe outer circunference of the disk toward the inner

ci r cfiix@denddie Eaded timage issiafiali & b sdepgdast thyr & E3@plien aigeudifgul ar
direction. Therefore, in the floppy disk FD containing the above-nenti oned
pr ogisdmucdars ofl -ehe Masgdamnathe sadr-dadt & imee daddi Pre¢dgespondiog t he
fl oppy disk body D. Figure 12(c) shows the structure for recording the

pr ogrtamonien imagef lamdgoythei sleceld iavgd qymlfeomuilitg plliern dada pEocbeging by
software using the programstored in the floppy disk FD. To be specific,
when refie tjivedyasmad 1r eadiad ephaint ittlye (fHidpmymbeirgk WOt hdertta reif efrive ngr &gr am
are witten in the floppy disk FD fromthe conmputer system Cs through the
f | oppheddekodinge tEB. datihe DEYine halvdwer rerelatddelyadargedidagaappar at us or

| mge decoding apparatus is constructed in the conputer system Cs by the
proggaamtiegonddd mnomblee )f IfoppyadihskErbne.t he programis read fromthe
floppy disk FD by the floppy disk drive FDD and then | oaded to the conputer

syst em Al tipugher ) wiken abioy ecglebe ro Pt imdge déapdindgli S i saciypfoyms iss a
data storage nmedium an optical disk may be enployed. Al so

- variable, as in the conventional decoding process, the coded

image signal can be decoded with reference to the decoding time

data DEyn for each frame.

In the modification of the second embodiment, emphasis has
been placed on an'image decoding apparatus 2200a which performs
image display of each frame as well as decoding of each frame
according to data for deciding the decoding timing of each frame,
which data is included in the coded image signal. However, an
image decoding apparatus which performs decoding of each frame as
;f well as imagé display of each frame according to data for

deciding the‘di5play timing of each frame, which data is included
in the coded image signal, is also within the scope of the
present invention.

In this case, the decoding timing at which decoding of each
frame is carried out is set according to display timing data of
plural frames including an object frame to be decoded. That is,

based on the display timing data of the object frame and the

display timing data of the next frame transmitted subsequently to



. SEP 2L[ 88 in this case, the coding process or the decoding procesg dafEPe2il
performed by software in simlar manner to the case of using the floppy

di sk. The data storage nediumis not restricted to the floppy disk and the
- optical disk, and any nmedi um may be ehfployed as long as it can contain the
program for exanple, an IC card or a ROM cassette. Furthernore, assum ng
that a coded inage signal stored in a data storage nedium such as a fl oppy
di sk has a data structure according to any of the first and second

enbodi nents and the nodifications thereof, when the coded inmage signal
from the objjeppyfdase,i thdedededingdtiméngnafetber pbipohdfngmeoisheetiecoded
| mage signal is displayed, possible to performreproduction the coded inmge
si gnaat antimilhggtbatodsngaahderpaby di ppeagribed offigetstimel, thwnh a
sinple circuit structure if the franme display cycle or the frame decodi ng
cycl ethe éaxkiler04isSp1AVIATimSnGl BEMEBehSthé, d Aspkagotiiminget bbdther
encodi ng an i mage signal corresponding to a plurality of frames, said

met hosb §eapr £ samg: apdcblengesai @ramage signal to obtain a bitstream of
encoded inmage signal; generating a display cycle identifier operable to

i ndi cat e i froalbe sipeicgriial,s wirinvadte idingd ai ahdind ioe tfe CcRRISifrane ames
in said plurality of frames are either constant or can be variable; and
mul ti pé exhADiSAI €hahh SEhaydcypl gy denihdi 6f e sekt bramérepdmsmitted
subsequently to the object frame, the offset time is set to a
length longer than the time required for decoding the object
frame. On the other hand, when the display timing of the next
frame (for example, B-VOP) transmitted subsequently to the object
frame {(for example, P-VOP) is earlier than the display timing of
the object frame, the offset time is set to a length longer than
the sum of the time required for decoding the object frame and
the time required for decoding the next frame.
When a coding program or a decoding program for
implementing, with software, the image processing by the coding
(: apparatus of the decoding apparatus according to any of the first
and second embodiments and the modifications thereof, is recorded
in data storage media such as a floppy disk, the image processing
can be easily executed in an independent computer system.
Figures 12(a)-12(c) are diagrams for explaining the case
where the coding process or the decoding process according to any
of the embodiments and the modifications of the invention is

executed by a computer system using a floppy disk which contains

the coding program or the decoding program.



- An encodi ng nethod for encoding an i mage signal corresponding to;§ £p
plurality of franes, said nethod conprising: encoding said inmage s g%a$‘tg
obtain a bitstream of encoded i mage signal; generating a display cycle -
identifier operable to indicate if aBl? intervals between image displ ay
time of successive franmes in said plurality of frames are either constant
or can be variable; encoding display cycle data indicating a fixed interval
between image display tinme of any successive two franes in said plurality
of frames and nultiplexing said encoded display_cycle data, said display
cycl e i denFiiguge 3dRdajaFlowFEt 3t LEaRT WAEW o4 @ &loprXydéskl ED,jdentifier
indicates that said intervals are constant; and encodi ng display timng
dat a arafc@Eegkienal wiRy dihenedfmgnd ¢ sSPlappy ¢tisk f Oan Sgnfgurality
of frames and nultiplexing said encoded display timng data for each
framd,2 o) hdivsplaay axanipd e afert iphysricadd foatmdthiafs tiheafilapipon skl di spl ay
cycle identifier indicates that said intervals can be variable. 3. An
encodiadty dpparatus for encoding an inage signal corresponding to a
plurality of franes, said apparatus conprising: 90 an encodi ng device
oper abl e tThebfdoppy diskt bedy Df iencontdinedagp 8i gaak B¢, eprodidingai d
i mage signal; an identifier generating device operable to generate that a
di sple dMappy ddmtk fFer apertdis esunfdaelichtiche fdidk bodyervalas bet ween
i mage display tine of successive franes in said plurality of franes are
ei t helueelditanio fortraaksb@rv ariealfoemeal diosiglenyt rdyalld yd framg eher auiteg devi ce
operable to generate display cycle data indicating a fixed interval
(bfet }/\/e:ﬁjtdlmga&‘ed]lc&plo&y thiel @i skf tamarsuches dnnert wi.rcuafeseneesal Gaghural ity
o] ranes;

track is divided into 16 sectors (Se) in the angular direction.

Therefore, in the floppy disk FD containing the above-mentioned
program, data of the program are recorded in the assigned sectors
on the floppy disk body D.

Figure 12(c) shows the structure for recording the program
in the floppy disk FD and performing the image processing by
software using the program stored in the floppy disk FD.

To be specific, when the program ié recorded in the floppy

(M- disk FD, daﬁa of the program are written in the floppy disk FD
from the computer system Cs through the floppy disk drive FDD.
When the above-mentioned image coding apparatus or image decoding
apparatus is constructed in the computer system Cs by the program
recorded in the floppy disk FD, the program is read from the
floppy disk FD by the floppy disk drive FDD and then loaded to
the computer system Cs.

Although in the above description a floppy disk is employed

as a data storage medium, an optical disk may be employed. Also



- a display timng data generating device operable to generate disyg 4ySEP 200
timng data indicating a timng of an inmge display for a franme in said
plurality of franes; and ---a nultipl exing device operable to nultiplex:

- said display cycle identifier, said @splay cycle data and said bitstream
when said display cycle identifier indicates that said intervals are
constant; or to multiplex said display cycle identifier, said display
timng data and said bitstream when said display cycle identifier
indicates that said intervals can be variable. 4. An encoding nethod for
encodinghds casge $hegngldingr pEoFessi g theadsrceding: proressaran, beai d

met hod conprising: encoding said image signal to obtain a bitstream of
encoped formadebyi godtwagendnasiinglardimepney tycitbe gesei pfensapdr &bee to
indicate if all intervals between inage display tine of successive franes
i n sdiloppyl diaki.ty Thie fdadmestaraigel mesiiumonst agt oestaicredy&oi &hlee;
encodi ng display timng data indicating a timng of an inmage display for a
framéloppgaddspl andl thy obtficaidedisandanmdl angl medigmsmag becempilogedpl ay
timng data, said display cycle identifier and said bitstream 01 SEP 2 91
5. Aasehendi ag appeaat gentainenhedprggaam, mige exgnmple,canr ESpoaddngrto a
plurality of franes, said apparatus conprising: an encodi ng devi ce operabl e
to oht rom a@absesteeam of encoded inmage signal by encoding said inage
signal; an identifier generating device operable to generate a display

cycl e i dertidftiRsrmoih caiddgnirg alHati i efotdd heiyeanidragetdizzg ayn td ne

data storage medium such as a floppy disk has a data structure
according to any of the first and second embodiments and the
modifications thereof, when the coded image signal from the

floppy disk is decoded and the image corresponding to the decoded
image signal is diéplayed, it is possible to perform reproduction
of the coded image signal, including decoding and image display

of the image signal, with a simple circuit structure if the frame

display cycle or the frame.decoding cycle is fixed.



of successive frames in said plurality of frames are either constagt] ogi:p #{
can be variable; a display timng data generating device operable to
generate display timng data indicating a timng of an image display for a
frame in said plurality of franmes; and a nultipl exing device operable to
mul tiples said display timng data, said display cycle identifier and said
bitstream 6. An encodi ng nethod f &2 encoding an i mage si gnal

corresponding to a plurality of frames, said nethod conprising: encoding
sai d | nAHAR IR QLAIMER #n a bitstream of encoded inmage signal;
generating a display cycle identifier operable to indicate if all

i nterval s between i nmage display tine of successive frames in said

pl ural i of Aty a 8o €1 LR8HogoN n vagdabl e; o di ng

Db ot &Y 0} AR 2 BriRoRliste O ¥ holl? B! Eﬁ??dm%ﬁdﬁe% SRR b tni

ti me canotrespbhdimeto byplirality nf fmmesssridbedthed comprisingal by said
sub-unit tine data, wherein said sub-unjt .tinme, . data being a pajural nunber
N, and encodfRPUrSpPEY EaBE ﬁ@nla:fptﬂ Ebtadatﬁ Pﬁaﬁreamﬁ%nﬁ%frﬁ al  number
Mfor usRap@sflipying that a fixed interval between image display time of
any successive two frames in said plurality of frames is Mtinmes of said
sub-uni t ti ngerf{erabinghiat disiplay xcyje whentiSer dpedablel ty ingidageiifledt i fi er

i ndi catest t hat g idinterval .ane constant; or 92 ePcodi ngi di spJay timng
data | MRERRPANSEH AEage SiHIA%gemeyPL HugFepsiealmss 1nSa o pl ural ity
of fransri e of #lnds 3Pk ANtHF A hsthHB B ichnehe hadiatAEeanghat said interval s

can be variable;, and nultiplexing said display cycle identifier, said
encoded sub-muifiplexiing sdad alisplaycyshe ddtodiliésandysaig diitstneami pl i er data and
-, said
)

2. An encoding method for encoding an image signal

correspondingto-a-plurality of frarres; said method comprising:

encoding said image signal to obtain a bitstream of encoded
image signal;

generating a display cycle identifier operable to indicate if all
intervals between image display time of successive frames in said
plurality of frames are either constant or can be variable;

encoding display cycle data indicating a fixed interval between
image display time of any successive two frames in said plurality of
frames and multiplexing said encoded display cycle data, said

) display cycle identifier and said bitstream, when said display cycle

identifier indicates that said intervals are constant; and

encoding display timing data indicating a timing of an image
display for a frame in said plurality of frames and multiplexing said
encoded display timing data for each frame, said display cycle
identifier and said bitstream, when said display cycle identifier

indicates that said intervals can be variable.

3. An encoding apparatus for encoding an image signal

corresponding to a plurality of frames, said apparatus comprising:



bitstream when said display cycle identifier indicates that said , 5
intervals arie constant; and nultiplexing said display cycle identi il e]r ,SE 2
sai d encoded sub- unit tine data, said encoded display timng data and said
bitstream when said display cycle identifier indicates that said
intervals can be variable. An encoding nethod---for-encoding an i nage
signal corresponding to a plurality98f franes, said method conprising:
encodi ng said image signal to obtain a bitstream of encoded inage signal;
generating a ait gyicading devicaeperdbler topbtal a bitstradirc af @nicbdatl

i nterval.s bet ween,i,mage dj.spl ay.,t.i me of. successive frames in said
pl ur al i t'{P&H° ?ﬁggﬁé?ya‘g%c%#lfl%eﬁagGGHﬁg&nﬁlgB? scan be variable; nultiplexing

sub-unit ti myhaideni@erdetihgi adiNg HIE, j [ ub-unit
time can _be obtained by g{:{}?{i&i{%gaéﬁiggc?é%ﬁgyr@t?On\égb?%t?%{;éva agygsai d

sub- uni Wdisply ducke, iddrgifaém operableuts undicate né albanterbelsndpetwaahur al number
N, displ.a @/élelmjlti | igr data . indicating a.cgatlur . nupher Mfor use in
showi ngl’f[%%ﬁ 15RIE HmE, PL SYSLEHUV GdEamcTalle Said Miuyalitet dramss successi ve
two fran®eg ditherS@sktbhi o ddry befvak{gies is Mtinmes of said sub-unit tine
(sub-unit time x M, said display cycle identifier and said bitstream
when said diesglisglayycielei datai gererating ceves: operablel doi gemensdts are

tanty_and nultiplexing di.splay.tiymng data jndicati tim f
| mage dRUBTAY P Aa et & el WA PerrerR amath disRIEh ay 03 |
cycl e i ggntiofiaely SheasRik B Fdr8a8lin \Waed platli@ sok-amesycl e identifier

indicates that said intervals can be variable. 8. An encoding apparatus for
encodi ng an Pndwlay dimling cdatee gooathtigg tdevicp|apexkbley tof gdnenmte, sai d

-')appar at afsﬁggpﬁ}rﬁhggdata indicating a timing of an image display for a
frame in said plurality of frames; and

e -~ ——amultiplexing device operable

to multiplex said display cycle identifier, said display cycle
data and said bitstream when said display cycle identifier indicates
that said intervals are constant; or

to multiplex said display cycle identifier, said display timing
data and said bitstream when said display cycle identifier indicates

that said intervals can be variable.

4. An encoding method for encoding an image signal
) corresponding to a plurality of frames, said method comprising:

encoding said image signal to obtain a bitstream of encoded
image signal,

generating a display cycle identifier operable to indicate if all
intervals between image display time of successive frames in said
plurality of frames are either constant or can be variable;

encoding display timing data indicating a timing of an image
display for a frame in said plurality of frames; and

multiplexing said encoded display timing data, said display

cycle identifier and said bitstream,



an encodi ng device operable to obtain a bitstreamof encoded inmagg gi IZ
by encodingrsaid image signal; an identifier generating device operablée™to
generate that a display cycle identifier operable to indicate if al

i nterval s between inmage display tine of successive franes in said
plurality of franmes are either constant or can be variable; a nultiplexing
device operable to multiplex sub-unPl time data for defining a sub-unit
time, wherein said sub-unit tine can be obtained by dividing a prescribed
time interval by said sub-unit tinme data, wherein said sub-unit tinme data

being a naturgal nunbeyr N, display cycle nultiplier data indjcating a

nat ural “hunb nMeF’(ﬁO%:ﬁE% E}Hp%rpﬁﬁb‘%ng%’fhaﬁm‘??dltﬂilgedﬂi ntB13g8 B en i mage

di spl ay doiy | a ' | ictYo-0f franes is M
i mos o o o B e PR A A A ot e

i dentifier amd epabdirg deviceaopemdida teadiotadinsplatstegaieo! danbdéder

I ndi cat es_t hat, sgjag i nt%trival s.are constant; and nultiplexing display
timng dE¥REC HENRAPY Y QAUARKSAY JPagh S'8W&ge display for a frame in said

plurality of ghy sdestifieRbfndlsfhaYdevide opek st td ith alifitht st r eam
when sai d displ ay c§é| elg?ﬁlgn%t?#lge%e iné)?gat es t%agt% ggjlé'% iénltjfejslﬂ\;%*s can be
vari abl eyCIRnlcgmﬂi' timmpdreatiog if all enteovilsgbewdemgmage glisplagotimeepondi ng to

a plurality of franes, said t hod co Lsing: encoding said imge signal
Lo obt aPh SUCEFISTS dEamsF 1B baeuraligol! bpmeh aroither GRRSTaRt A a di spl ay
cycle i dghtid L8FiapRerable to indicate if all intervals between inage

display tinme of successive frames in said plurality of frames are either
const ant or eadispdaydiindbgedata generating device operable to generate

) display timing data indicating a timing of an image display for a
frame in said plurality of frames; and
- ———a multiplexing device-operable to multiplex said display timing

data, said display cycle identifier and said bitstream.

6. An encoding method for encoding an image signal
corresponding to a plurality of frames, said method comprising:

encoding said image signal to obtain a bitstream of encoded
image signal;

generating a display cycle identifier operable to indicate if all
intervals between image display time of successive frames in said

) plurality of frames are either constant or can be variable;

encoding sub-unit time data for defining a sub-unit time,
wherein said sub-unit time can be obtained by dividing a prescr_ibed
time interval by said sub-unit time data, wherein said sub-unit time
data being a natural number N, and

encoding display cycle multiplier data indicating a natural
number M for use in showing that a fixed interval between image
display time of any successive two frames in said plurality of frames
is M times of said sub-unit time (sub-unit time x M) when said

display cycle identifier indicates that said intervals are constant; or



encodi ng sub-unit time data for defining a sub-unit tine, mhereindgqiﬁﬁp 0(
sub-unit* time can be obtained by dividing a prescribed tine interval '
said sub-unit tine data, wherein said sub-unit tine data being a natura
nunber N, encoding display cycle nultiplier data indicating a natural

nunber Mfor use in showng that a fixed interval between inmage display
time of any successive two franes i B2sai d plurality of franes is Mtines

of said sub-unit tine (sub-unit tine x M, when said display cycle
identifier irfdicosking displays gininghdata dhdicating entiraimg of mcoitmagedi spl ay

timng Indicating a tim,ng of.an J e display,far frame in said
plurali ?@g@faypfr%ér%&ar‘gﬁén e inPﬁ%“ﬁ’go siga?ﬂieén‘gbﬁgos%i;tfﬁﬁﬁfaty ¢YHE data, said
encoded idehtfikANEiakes thiht sRld BiteFRll8 casithdvaiapldYarsycl e identifier and
said bitstream when said display cycle identifier indicates that said

interval s ardng amg said displaypl exilsddentifiesnsaite drtiosiedagubi- i ng dat a,
said di Ay, CY identifie ai d bi.tstream, en said display cycle
i dent i fiﬁlglrf%fiﬁgi%% e ﬁa?n%oac;edf ?ﬁ?@?\ya?yfl%amuﬁtép_%ﬁ\%&ﬁén _(?."’min i mage
signal Gitstespandwhgnt @agd pH vidydt {dedtlfor $AUfattSBAE S

conprising: a display cycle identifier operable to indicate if all
i nt er valtepEalsedie comgfandi apay tine of successive franmes in the plurality

franes are ei (o] 9 n be yariable. 11.. A decqdi,n t hod for
decodi ng an Hﬁgfgﬂéﬂgﬁgigl?a%g}v%l%ﬁg%}yngyﬁic{fe a%l?)t&@%r’iﬁ% eﬁ‘&f)ge@o sponding to
a pl ur atiniy tiofie agapsaienenceded hbplayitlisg iddeatddd 8hid Hridrdmhhod
conprising: 95 generating decoded |En’§!ge data by decoding the coded inmage

1

dat a, tW&eH spidagispjay evriecidartifior msdiertespdadisadd int¢mvals aen bé al |
% variable.
7. An-—encoding—method —for —encoding - an " ~image signal ™

corresponding to a plurality of frames, said method comprising:
encoding said image signal to obtain a bitstream of encoded
image signal;
generating a display cycle identifier operable to indicate if all
intervals between image display time of successive frames in said
plurality of frames are either constant or can be variable;
multiplexing sub-unit time data for defining a sub-unit time,
wherein said sub-unit time can be obtained by dividing a prescribed
time interval by said sub-unit time data, wherein said sub-unit time
data being a natural number N, display cycle multiplier data
indicating a natural number M for use in showing that a fixed
interval between image display time of any successive two frames in
said plurality of frames is M times of said sub-unit time (sub-unit
time x M), said display cycle identifier and said bitstream, when said
display cycle identifier indicates that said intervals are constant; and
multiplexing display timing data indicating a timing of an

image display for a frame in said plurality of frames, said display



intervals between inmage display tinme of successive franmes in the -Blrrggﬁqmm
of franmes are either constant or can be variable; and determning a fiXxed
frame rate for the decoded i nage data when the display cycle identifier
indicates that the intervals are constant. 12. A decoding nethod as
claimed in claim1l, “wherein the image signal further includes display
cycle data indicating a fixed inter93 bet ween i mge display tine of any
successive tw franes in the plurality of frames and display timng date
i ndi cat iY§la idemniifer endagrid; hitgtreans,pwhynf saidadisplayecycletidengifieral i ty of
frames, :sai further conprising: .setting the fixed franme rate for
t he decéﬁgggﬁggéggg§F§P8§ff¥ qu}hﬁ‘Fﬁgﬂi?Splay cycl e data when the

di splay cycle identifier indicates that the intervals are constant; and

setting _an image display time for the decoded image data by referring the
di spl ay &i mi A4 d&nsomieg tanpateiys ayfory dreodiegt idrh eimagedi signed t hat t he
i nterval .yar.iabl e, , i mage decodi ng apparatus, for decodi ng an
i mge sfgﬁlgﬁ% % %Iﬂég tf)?laczpﬁ%r@i&&?_ﬁgﬁari“ﬁggﬁa ?@%%rtpgﬁéﬂﬁpﬁﬁlg:o a plurality
of frames aath andbapl@detice! Spéedé ithi ShtaisH HhiARRMHAL HSLOHBLA SI Ng: a

decodi ng devi ce operable to generate decoded i mage data by decoding the
coded | HRgEEFagRal byiengodingyaid tnege ¢égnalf i er being operable to indicate

L e ] abehee R SR Bl LSSERE ",
set t i ngdiiplay ecyeperidbheificd S éradlé ivethdicar® if alieidiervdiepedggeded i mage
data when the_display cycle identifier indicates that the intervals are
const animage display time ‘of successive frames in said plurality of frames
are either constant or can be variable;
a multiplexing device operable to multiplex sub-unit time data
————— for- defining- a- sub-unit time, wherein said sub-unit time can be
obtained by dividing a prescribed time interval by said sub-unit time
data, wherein said sub-unit time data being a natural number N,
display cycle multiplier data indicating a natural number M for use
in showing that a fixed interval between image display time of any
successive two frames in said plurality of frames is M times of said
sub-unit time (sub-unit time x M), said display cycle identifier and
said bitstream, when said display cycle identifier indicates that said
intervals are constant; and
multiplexing display timiﬁg data indicating a timing of an
image display for a frame in said plurality of frames, said display
cycle identifier and said bitstream, when said display cycle identifier

indicates that said intervals can be variable.

9. An encoding method for encoding an image signal
corresponding to a plurality of frames, said method comprising:
encoding said image signal to obtain a bitstream of encoded

image signal;



14. An inmage decodi ng apparatus as clainmed in claim 13, wherein: t@q Rqs: e[
signal i'ncludes display cycle data indicating a fixed interval between

i mge display tine of any successive two franes in the plurality of frames
and display timng data indicating a timng of an imge display for a
frame in the plurality of frames; 2g§n the display cycle identifier
indicates that the intervals are stant, said setting device sets the
fixed frame rate for the decoded inmage data by referring the display cycle
data; and wh&8fnEFRtiRgE $Hidisplay cexcle ddantifiesropergbleate dndicatet ieall nt er val s

b L.abi | ]G ' t ' isplay. ti f th
decoded! ToriRaReARteh M HESC B T iR BabBeSln W omput or

r eadabl phaaility if dr age s @ di ifh drogonkantidritah be @apidee; for i mage processing,
sai d conputer readable data storage nedium conpri si n%: an i mage signal

cor r espondi ngRERAIRg sitarndly timer datas fors slefiningnge subguait ¢ompri sing a

di spl ayg ey L ifier. ra o indicate 4.f..all intervals, between

i mge di spﬂé@l %"ﬁgﬁgg{ép Igélctg@%lsel e‘i’éﬁfl‘}reaﬁlé’gaqlnﬁat%dnﬂpm%ﬁi PKFSS‘IH nmes are

- ei ther gnnsirtetvalr bgaaideutaunabtiene Hata Awtieid shidoEabLaniterhedi ed on a
conput er readable data _ storage nediumfor use with a conputer for decoding
an i mgdataspging anateral REmasNgoded | mage data corresponding to a

plurality o S ol i tifi.er,. said ¢ ter program
conpri si ng: %%éﬁ{)cgggr d?%gagbfd’t&%r %‘Fl%}rﬁliz%dg%g%eirné%?%uflg 3a6’§‘3‘r1? e conputer
t o genematrbedeMbder vswmge stedwinyy tHat edifigdt itepRdeBe e ERmAR7 | Mage

data, the g;é{s | ay gycl e identifier being operable to_ indicate 1f all
i nt er v4H8P %é%o RayesuresssiVe twadrames s saish pluratityeef framese

is M times of said sub-unit time (sub-unit time x M)}, when said
display cycle identifier indicates that said intervals are constant;

encoding display timing data indicating a timing of an image
display for a frame in said plurality of frames; and

multiplexing said encoded sub-unit time data, said encoded
display cycle multiplier data, said display cycle identifier and said
bitstream, when said display cycle identifier indicates that said
intervals are constant; and

multiplexing said encoded display timing data, said display
cycle identifier and said bitstream, when said display cycle identifier

indicates that said intervals can be variable.

10. An image signal corresponding to a plurality of frames, said
image signal comprising:

a display cycle identifier operable to indicate if all intervals
between image display time of successive frames in the plurality of

frames are either constant or can be variable.

11. A decoding method for decoding an image signal which
includes coded image data corresponding to a plurality of frames and

a display cycle identifier, said method comprising:
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plurality of franes are either constant or can be variable; and CO[EL‘L‘%VI) 7
r eadabl e program code operable to cause the conputer to determ ne £ i%ed
frame rate for the decoded i nage data when the display cycle identifier
i ndicates that the intervals are constant. ABSTRACT OF THE DI SCLOSURE

| MAGE SI GNAL DATA STRUCTURE, | MAGE CODI NG METHOD, AND | MAGE DECODI NG
METHOD A data structure of an i mageg§;i gnal includes a reproduction cycle
identifier indicating whether the cycle of inmage display for each frane is
vari abl e or g6neraieg derodeids pnage cyatae byi depedinigethe mdidedt Bmaghat t he

coded | S FESdIHIRY, e il bEtRhordhld Rhniiione S ca T each

frame. @nterbglsobeewebaninapbedishhs, dirhe! 8y siiekssiveethid€lini fil cat es t hat
the display cycle is variable, display tine data is inserted for each

frame. PHefaiHQ frames arecaitherycemstantspl can bg vwaritdededd | mage data havi ng
a fixed disp l. hg_decoded i e. dat,a an .be displayed by a sinple
circuit str ulg uerrgr,)ﬁ%llS%.é,l ﬁ%%‘gﬁ%ﬁlet ﬁg%%ifgﬁl ccfﬁaogegafr&agﬁdé?% frame
number ddien lthei dgsplayr eydki iddntifierlihditaitas Ot khy ilkivAlg"RES ), Wi thout
referring the display tine data having a relatively large data quantity for

each fre¥eStamirt hernore, this data structure can be applied to a coded
i mage signal having a variable display cycle.

12. A decoding method as claimed in claim 11, wherein the image
signal further includes display cycle data indicating a fixed interval
between image display time of any successive two frames in the
plurality of frames and display timing date indicating a timing of an
image display for a frame in the plurality of frames, said method
further comprising:

setting the fixed frame rate for the decoded image data by
referring the display cycle data when the display cycle identifier
indicates that the intervals are constant; and

setting an image display time for the decoded image data by
referring the display timing data when the display cycle identifier

indicates that the intervals can be variable.

13. An image decoding apparatus for decoding an image signal
which includes coded image data corresponding to a plurality of
frames and a display cycle identifier, said apparatus comprising:

a decoding device operable to generate decoded image data by
decoding the coded image data, the display cycle identifier being
operable to indicate if all intervals between image display time of
successive frames in the plurality of frames are either constant or

can be variable; and
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a setting device operable to set a fixed frame rate for the
decoded image data when the display cycle identifier indicates that

the intervals are constant,

14.  An image decoding apparatus as claimed in claim 13, wherein:

the image signal includes display cycle data indicating a fixed
interval between image display time of any successive two frames in
the plurality of frames and display timing data indicating a timing of
an image display for a frame in the plurality of frames;

when the display cycle identifier indicates that the intervals are
constant, said setting device sets the fixed frame rate for the decoded
image data by referring the display cycle data; and

when the display cycle identifier indicates that the intervals
can be variable, said sétting device sets an image display time for the

decoded image data by referring the display timing data.

15. A computer rcadable data storage medium for use with a
computer for imége processing, said computer readable data storage
medium comprising: |

an image signal corresponding to a plurality of frames, said
image signal comprising a display cycle identifier operable to indicate
if all intervals between image display time of successive frames in the

plurality of frames are either constant or can be variable.

16. A computer program embodied on a computer readable data
storage medium for use with a computer for decoding an image
signal which includes coded image data corresponding to a plurality
of frames and a display cycle identifier, said computer program
comprising:

computer readable program code operable to cause the

computer to generate decoded image data by decoding the coded
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image data, the display cycle identifier being operable to indicate if
all intervals between image display time of successive frames in the
plurality of frames are either constant or can be variable; and
computer readable program code operable to cause the
computer to determine a fixed frame rate for the decoded image data

when the display cycle identifier indicates that the intervals are

constant,
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