18 July 2006 1 DESCRI PT1 ONPICIURE ENCODI NG METHOD AND APPARATUS .

AND. - Pl CTURE DECCDI NG METHOD AND APPARATUS Techni cal Fi el g hire200@sent
invention relates to a picture encoding technique of conpression-encodi ng
a picture in ‘a few nunber of bits and a picture decoding technique 10 of
pl ayi ng back a picture by decoding a code stream obtained by conpression
encodi ng and, nore particu- larly, to a picture encoding nmethod and
apparatus and a picture decodi ng nmethod dnd apparatus which can nmake a
recovery fromthe adverse effect of an error as fast 15 as possible w thout
degradi ng the encoding efficiency when transmtting/storing encoded data

through a transm ssion path suscepty ol & tropekr grg. yBackground Art It is
necessary to conpression-encode pictures in 20 a few nunber of bits in
order to transmt or store the pictures in systens designed to transmt or

store pictures, e. gprcRuNkIenebaiRe MidREDCRNHCABPREASYSI £p _Portable

information term nal prdrgri abe¥bBeRcMBSHOBYRNSAPRRRAEHEI tal TV ,
broadcasting system 25 As such conpression encoding techniques, various

schenes have been devel oped, including a notion conpensation schene,
di screte cosine transform schene,
Technical Field
The present invention relates to a pictﬁre
encoding technique of compression—encoding a picture in
a few number of bits and a picture decoding technique
10 of playing back a picture by decoding a code stream
obtained by compression encoding and, more particu-
larly, to a picture encoding method and apparatus and
a picture decoding method and apparatus which can make
a recovery from the adverse effect of an error as fast
15 . as possible without degrading the encoding efficiency
when transmitting/stofing enéoded data through a
transmission path susceptible to errors.
Background Art
It is necessary to compression-encode pictures in
20 a few number of bits in order to transmit or store the
pictures in systems designed to transmit or store
pictures, e.g., a videophone, video conference system,
portable information terminal, digital video disk
system,.and digital TV broadcasting system.
25 -~ As such compression encoding techniques, various
schemes have been developed, including a motion

compensation scheme, discrete cosine transform schene,

subband encoding scheme, pyramid encoding scheme, and




subband encodi ng schene, pyram d encodi ng schene, and 18 July 2006

- conbi nations thereof. The followi ng are defined as internﬁ;hggg@m§tandards

for video conpression encoding: |SOWEG 1, MEG 2, MEG4, |ITUT H 261,

H. 262, H.263,. and the like. 5 All these schenes are conpression encodi ng
schenes based on a conbi nati on of notion conpensation adaptive prediction

‘and di screte cosine transform which are described in detail in reference

-1 (H'roshi. Yasuda, "MPEG Internati.onal S@andardization of Multinmedia 10
Encodi ng”, Maruzen) and the |ike. A conventional picture encodi ng/decodi ng

apparatus "~ has the follow ng problens. First, in a communication path with

the possibilit .being mxed with errors, _such as a radi o comunicati on
pat.h, perforni%%Q%ﬁ?§£ignanggafﬁﬁ%mjIFgFegﬂli6Wé6ﬁsﬁ§@rdﬁfénddtesioration
f an error. Wen errors occur

in decoded pi j on.ocgurrence, )
in. signals sug H%ﬁ“%ﬁ@éﬁéysgg%%??rgﬂn T W OF Pref PBRY eaRdoRpENGAdREL OF

i nformation, ifgoPafdgcyl ar i cfur gl ity nQticeably deteriorates. 20
Second, in notion conpens'atl\?Po% ?dagﬁ@ye%ﬁre‘[ﬁitgﬁ Ve 2 &khye g 98¢ udbd §or
pi cture encodigwy ¥ Yiihe difference between frames is encoded. For this

reason, -if an. error occurs, the corresponding frame fails, and an _
erroneous pi cture i1 Btenese | Schelé M FRIGYr o & 250 PLEALGL LY i Glure 1S

generated by using the erroneous
based on a combination of motion compensation adaptive
prediction and discrete cqsine transform, which are
' | described in detail in reference 1 (Hiroshi Yasuda,
"MPEG/International Standardization of Multimedia
10 Encoding", Maruzen) and the like.
A conventional picture encoding/decoding apparatus
.has the following problems. First, in a communication
path with the possibility of being mixed with errors,
such as a radio communication path, performing only
15 encoding will lead to considerable deterioration in
decoded picture quality upon occurrence of an error.
When errors occur in signals such as a sync signal,
mode information, and motion vector information,.in
particular, picture quality noticeably deteriorates.
20 Second, in motion compensation adaptive predictive
encoding used for picture encoding, only the difference
between frames is encoded. For this reason, if an
error occurs, the corresponding frame fails, and an
erroneous picture is stored in a frame memory. A
25 predictive picture is generated by using the erroneous

picture, and the residual error is added to the

" predictive error. ‘As a consequence, even if subsequent




picture, and the residual error is added to the predictive error. As a
consequence, even if subsequent 18 July 2006 3 franes areipngpeoty decoded,
pr oper plctures cannot be obtained fromthe subsequent frames unless
information is sent in an encodi ng node (I NTRA node) of -encoding pictures
only wthin frames without using the 5 differences between the franmes or
the influence of the error gradually. wanes to restore the original
plctures |f- 1-frame information is |ost xdue to an error, the second frane
is not decoded at all, ‘and, for exanple, the first frane is directly
output. At the 10 thlrd frame, a residual error which allows proper

| dded he fi
frane. A a CobeehaEngee PReTTRal rPaR”] B abBlaedeaRE e ateb Bt ot al 1 y

different fromptRenBropebnPkELUSEnSSUASEAURRLhL. LATkAUAL orTors, are 15

added to wong pictures. Basically, erefor error

di sappear, andigrggat @iﬁcQﬁeenebgiﬁaeﬁodeaf@@ﬁ@RReme@/eggbéﬁE diﬁ' order to
solve this problem in the prior arft a techni que cal Presh.is

general |y usedpictuP@swohih enehdhngrhsepeni enpnd LBihhechNTRA node in a
predeterm ned cycle. When encoding is perfornmed in the” |INTRA node, since

the nunb&r of dofferéntssibeteasesthet heaqual btythek anphGbyEe dEthgat any
error greatly _
: _ error gradually wanes to restore the original pictures.
If l-frame information is lost due to an error,
the second frame is not decoded at all, and, for
example, the first frame is directly output. At the
10 third frame, a residual error which allows proper
decoding only when it is added to the second frame is
added to the first frame. As a consequence, the third
frame is decoded into a picture totally different from
the proper picture. Subsequently, residual errors are
15 addéd to wrong pictures. Basically, thereforé, the
error does not disappear, and proper decoded pictures
cannot.be played back.
In order to solve this problem, in the prior art,
a technique called "refresh" is generally used, in
20 which encoding is performed in the INTRArmode in a
predetermined cycle. When encoding is performed in the
INTRA mode, since the number of coded bits increases,
the quality of a picture without any error greatly
deteriorates. For this reaéon, a periodic refresh
25 method or the like is usually used, which refreshes
several macroblocks per frame instead of refreshing an

entire frame at once. In this periodic refresh method,




deteriorates. For this reason, a periodic refresh 25 nmethod or the like is
usual |y used, which refreshes several macroblocks per fr gy psdead of
refreshing an entire frame at once. In this periodic refresh nmethod, 18
July 2006 4 however, although an-increase in the nunber of coded bits can
be suppressed, a long period of tine is required to recover a nornal
state. (X her neasures against errors include a neasure of 5 using error
correction codes. Although this schene cary correct errors that occur
randomy, it has difficulty in coping with errors of several hundred bits
that consecutively occur in a burst manner. Even if the schene can cope

Studi od o recorye S For P APEP naR ”f%%a”cﬁé‘r’lf e BBREnoRetagPa from

studied to recelve erfor |on ang

system and adaptively pLosgeertiecer of UALOLIRILAT gTEu B 11 ke on Uhe

server side. Mre specifical suc ni-qu

perform ng re-egagadrag ﬁﬁoﬁecéﬁéﬁpé'HBrﬂEleEEQEe'nfor”at'on or switching a
plurality of files. In this nmethod, the server needs to have an encodi ng

“function and a funcbtherOﬁeaQa@ébngﬁln§%ﬂEQBbBQ anphyA8! Lt ¥ Qéuﬁ% 8?

resulting in extra 20 processing. As described above, accord rng to

conventifonal using error correction codes. Although this scheme can
correct errors that occur randomly, it has difficulty
in coping with errors of several hundred bits that
consecutively occur in a burst manner. Even if the
scheme can cope with such errors, considerable’

i0 redundancy occurs.

Techniques have been studied to receive error
information and the ;ike about a network from a system
and adaptively process the error information and the
like on the server'side. More specifically, such a

15 technique uses a method of performing re-encoding upon
reception of error information or switching a plurality
of files. 1In this method, the server needs to have
an encoding function and a function of adaptively
switching a plurality of files, résulting in extra

20 processing.

As described above, according to the conventional
picture encoding techniques, loss of information due
to an error causes a great deterioration in picture
quality. In addition, a technique such as the periodic

25 refresh method of reconstructing information lost due
to an error requires a long period of time to achieve

error recovery in consideration of the encoding




pi cture encodi ng techniques, |loss of information due to an error causes a
great deterioration in picture quality. In addition, a tg;ﬁp*gm% such as
the periodic 25 refresh nethod of reconstructing i nf or mat i ost due to
an error requires a long period of time to achieve error recovery in

consi deration of the encoding 18 July 2006 5 efficiency. Shortening the
time required for recovery w Il increase the nunber of encoded bits to
result in a deterioration in encoding efficiency. Disclosure of Invention
Exanpl e enbodi nents of the present invention may provide a picture
encodi ng nmet hod and apparatus and a picture decodi ng nethod and appar at us
whi ch can quickly recover froman error even if information is |lost by the
error, exhibi¢fHigenencodihrgtehingi dhey, timal neediredt ILper fraavany

re- encodlng According to a first aspect of the present invention, there

i s provided a"bictitEcant odhfgiPdodet conpdes ﬁdtsatP|F§Puéﬁcbﬂlﬁg step of
generating a ¥|deo co vi deo signal using a

e codi n
ref erence pictu ?%§1°§th%ﬁ l%i%ﬁgegxa éﬁ%%ﬁuﬁﬁcgtep of generating a reference
pi cture code stream by e”COd'”9DEQ815§£§g§ﬂ¥§n9éﬁﬁfgﬁ’ signal; and a

mul ti pl exi ng step of generating an output stream by nultlpIeX|ng t he
video code stream wiidhitdeembSIRILAGE P CLHEC $REENST H8Bhtion may

provide a picture encoding method and apparatus and a
picture deccding method and apparatus which can guickly
recover from an error even if information is lost by the
error, exhibit high encoding efficiency, and need not
perform any re-encoding.

Accoxrding to a first aspect of the present
invention, there is provided a picture encoding method
‘comprising: a first enceding step of generating a video code
stream by encoding a video signal using a reference picture
signal; a second encoding step of generating a reference
picture code stream by encoding the reference picture
signal; and a multiplexing step of generating an output code
stream by multiplexing the video code stream with the
reference picture code stream.

According to a second aspect of the present
invention, there is provided a picture encoding apparatus
comprising: means for receiving an input video signal; first
encoding means for encoding the wvideo signal by using a
reference picture signal to generate a video code stream;

second encoding means for encoding the reference picture




According to a second aspect of the present invention, there is provided a
pi cture encodi ng apparatus conprising: neans for receiviﬂghﬂ@%ymput vi deo
signal; first encoding nmeans for encoding the video signal by using a
reference picture signal to generate a video code stream second encodi ng
means for encoding the reference picture 18 July 2006 5a signal to generate
a reference picture code stream and nultiplexing nmeans for multipl exing
the video code stream and the reference phcture code streamto generate an
out put code stream 18 July 2006 6 According to a third aspect of the
present invention, there is provided a picture decoding nmethod conprising
a step of receiving an input code stream containing a video code stream
obt ai ned by evicwdilngoa gariedebe shgnaifensnica pieftarencedpi ctturencoded st r eam
obtained by encoding a reference picture signal a first decoding step of
decodi ng t he FEEAPEHEEIIMELHE e LoHIBULHIFSKINE oRltRi KEEA TRKe SEAPER code
streamto geneﬁﬁtg a first reference ﬁ%cture si%nal, and a second decodi ng
step of decoBih§ EnECIATFEGS B Hr E870F CUMEATNED IHSERES i Hh T PRbde stream
by sel ectively JiSL ne of a second reference picture signal obtained
froma reconstructed pi'cture signal and the first reference picture signal
to generate




a playback picture signal. According to a fourth aspect of the present
i nvention, there is provided a picture decoding apparatuslgﬁﬂyﬁﬁa§ing i nput
means for receiving an i nput code stream containing a video ctode stream
obtai ned by encoding a video signal and a reference picture code stream
obtained by encoding a reference picture signal, first decoding mneans for
decoding the reference picture code styeam contained in the input code
streamto generate a first reference picture signal, and second 18 July
2006 7 decodi ng neans for decoding the video code stream contained in the
i nput code stream by sel ectively using one of a second reference picture
signal obtained frastérdimconsd r uct echipidCt W esitgnals anthet heprdsest
reference picture signal to generate the playback picture signal
Accordi ng to an¥erntipnaspdetreofist herpriesdnta piwems odgcdadiege nieshpdovi ded a
program for causing a conputer to execute picture encoding processing of
encodi ng an FAPRELISANGe0? sisFRRl | 0% h&eprbytegn G&usim;t hECedMFHEeR™ o
execute: a process, of genera%ing a_ video code strqu1€¥ encgding t he vi deo
signal using SCTEErEAce prtieft eCeigndFred® BPERERS oPY gEREPAThg2a
reference pi chugg, cads stLeam by c.0e0di po-fe Teler epee. piglung 8 onal,

or  gener g y I'p g

and a process atrng an output code Stream by mnu exing the
‘video code styeamMiidy the dRHLEHEACE:BEEEYN 81 G0Me STELAR decoding
step o©of decoding the reference picture code stream
contained in the input code stream to generate a first
reference picture signal, and a second decoding step of
decoding the vi&eo code stream contained in the input
code stream by selectively using one of a second reference
picture signal obtained from a reconstructed picture
signal and the first reference picture signal to generate
a pléyback picture signal.

According to a fourth aspect of the present
invention, there is provided a picture decoding apparatus
comprising input means for receiving an input code stream

containing a video code stream obtained by encoding a

video signal and a reference picture code stream cobtained

by encoding a reference picture signal, first decoding

means for decoding the reference picture code stream
contained in the input code stream to generate a £first

reference picture signal, and second




According to a sixth aspect of the present invention, there is provided a
program for causing a conputer to execute: a process of {@gQivofig an input
code streamcontaining a video code stream obtained by encoding a video
signal and a reference picture code stream obtained by encoding a
"reference picture signal; a process of decoding the reference picture
code streamcontained in the input code streamto generate a first
reference picture signal; and a process of decoding the video code stream
contained in the input code stream by sél ectively using one of a second
reference picture signal obtained froma 18 July 2006 7a reconstructed
picture signal and the first reference picture signal to generate the

pl ayback pictyre sigpal. According,to a seventh aspect of .the present
i nvention, ther °§%ﬁ§n \PR88d &°Ti d85°R st ganfég?gin%ﬂdebys H pl exi ng

a video code gtyeamoptai ngd .t%é;%t&bicgﬁtei mg;fream ibgp%lé'bgf@él Q, @i on
I N n erenc

conpensation predictive encod a are pi cture code stream

obtai ned by preepengdestdondeneedifgcd §eiar@NGAgRhEt YpeaShanadraased for
t he notion conpensation predictive encoding. Brief Description of Draw ngs

FIG 1 is a brecindiragrtam shiowung t Begwsr angenetiie Gfiratpi £éfgrrcodi Ng
apparatus according to the first enbodinent of the present invention; FIG
2 is a bl ock BiagrzmEmsiboal np tdsaegrtangehmitaybhck picture signal.

According to a fifth aspect of +the present
invention, there is provided a program for causing a
computer to execute picture encoding processing of encoding
an input video signal, the program causing the computer to
execute: a process of generating a video code stream by
encoding the video signal using a reference picture signal; a

~ process of generating a reference picture code stream by
encoding the reference picture signal; and a process of
generating an output code stream by multiplexing the wvideo
code stream with the reference picture code stream.

According to a -sixth aspect of the present
invention, there 1is provided a program for causing a
computer to execute: a process of receiving an input code
stream containing a video code stream cbtained by encoding a
video signal and a reference picture code stream obtained
by encoding a reference picture signal; a process of
decoding the reference picture code stream contained in the
input code stream to genefate a first reference picture
signal; and a process of decoding the video code stream
.contained in the input code stream by selectively using_one

of a second reference picture signal obtained from a




a picture encoding apparatus to which a header nmultiplexing unit and
control unit are added, according to the first enbodi nenig nfty %063 is a
view for explaining an exanple, of the data structure of a

pi cture-associ ated portion of the output code stream output fromthe

pi cture encoding apparatus according to the first enbodinent; FIG 4 is a
vi ew show ng an exanple of the structure of a frame header code stream of

t he output code stream output fromthe picture encodi ng apparat us
according to the first enbodinent; 18 Jéty 2006 7b FIG 5 is a block

di agram show ng the arrangenent of a picture decodi ng apparatus according
to the first enbodi rrent of t he present invention' FIG 6 is a view show ng

a prediction siructure redl ctive encodi.ng; a_.vi ew show ng
error propagation t ruCFo 8 % s r(‘:atl\%gréﬁco 89 tlkf? o T re\J;FJé\el\Illcf

expl ai ning a_gethad Qf_gr?aqplteggeﬁ@rra@ea{heew_%ba%@cﬁ{gfd}g gpgﬁahe first

enbodi nent; FIG 9 is a block™diagram showng the arrangenent 5 of an
out put det er ni ni Ng Addokdi R acd efLr erGenph CltadectCodg sttheanpassitding to

the first enbodinment; FIG 10 is a bl ock diagram show ng the arrangenent
invention, there is provided a wvideo code stream obtained
by multiplexing a video code stream obtained by subjecting
an input signal to motion compensation predictive encoding
and a reference picture code stream  obtained by
independently encoding a reference picture signal used for
the motion compensation predictive encoding.
Brief Description of Drawings

FIG. 1 is a block diagram showing the arrangement
of a picture encoding apparatus according to the first
embodiment of the present invention;

FIG. 2 is a block diagram showing the arrangement of
a picture encoding apparatus to which a header
multiplexing unit and control unit are added, according to
the first embodiment;

FIG. 3 1s a view for explaining an example, of the
data structure of a picture-assoclated portion of the
output code stream output from the picture encoding
apparatus according to the first embodiment;

FIG. 4 is a view showing an example of the

- structure of a frame header code stream of the output
code stream output from the picture encoding apparatus

according to the first embodiment;




of a decoding operation determning unit for decoding a reference picture
code stream according to the first 10 enbodi nent; FIG 1113§m?zb@pck

di agram showi ng the arrangenent of a picture encodi ng apparatus according
to the second enbodinent of the present invention; FIG 12 is a view
showi ng the data structure of a 15 picture-associated portion of the

out put code stream output fromthe picture. encodi ng apparatus according
to the second enbodinent; FIG 13 is a bl ock diagram show ng the
arrangenment of a picture decodi ng apparatius according to the second 20
enbodi nent of the present invention;, FIG 14 is a bl ock diagram show ng the
arrangenment of a picture encoding apparatus according to the third

mbodi t of th iop; FIG 15 bl ock _di h i th
o angenent 25 of “A0pi Bt tFa “aBLBAIng 8B A ReCGRAl AGTEOITREL R Td

erbodi ment of Jthe @Jiggggg agéflgﬂagorgp axGrud OabSofud 6’3% AT Afpsghow ng the

arrangement 1 encod I'ng apparatus according to the
fourth enmbodipgemMiitt Re @&@gﬁ@%ehgvggkhggonand FIG 17 is a block
di agram shomnng the arrangenent of a picture decodi ng apparatus accordi ng
to the fourth 5 erbedi pent af vibe presanf 4 nyelic®fAon structure

for predictive encoding;

FIG. 7 1s a view showing errcor propagation due to




Best Mode for Carrying Qut the Invention (First Enbodinent) FIG 1 shows

t he basic arrangenent of a picture encoding apparatus acepndiyngog o the
first enmbodi mrent of 10 the present invention. An input video signal 131 is
divided into a plurality of predeterm ned areas first by an area divider
101 and then subjected to the follow ng notion conpensati on adaptive
prediction. A notion conpensa- 15 -tion adaptive predictor 111 detects a:
motion vector 143 between an input pictuge signal 132 and a reference
picture signal 141 of the previous frame which is stored in a frame nenory
110 and has already been encoded and subjected to a | ocal decoding. Mtion

20 conpensati é&id%ﬁgénéggggi g.the reference picture signal 141 by using
this notion véctor. i's generat€s a predictive picture signal (the

o erence, Blctune, el ol ervimy o omenselion) dodNe Al

conpensati on adaptive predictor il

of the rotionyGaensald o R IR tdmIR and-dheddYdidENcodi ng

(predictive picture signal = 0) node using the input picture signal 132 for
18 July 2006 10. encmting wis howicay hangs: Sl s dhemyadigt i ve
pi cture signal 142 corresponding to the selected prediction node.
5 of an output determining unit for a reference picture
code stream according to the first embodiment:;

FIG. 10 is a block diagram showing the éfrangement
of a decoding operation determining unit for decoding a
reference picture code stream according to the first

10 embodiment;

FIG. 11 is a block diagram showing the arrangement
of a picture encoding apparatus according to thé second
embodiment of the present invention;

FIG. 12 is a view showing the data structure of a

15 pictﬁre—associated portion of the butput code stream
output from the picture encoding apparatus according to
the second embodiment;

FIG. 13 is a block diagram showing the arrangement
of a picture decoding apparatus according to the second

20 - embodiment of the present invention:;

FIG. 14 is a block diagram showing the arrangement
of a picture encoding apparatus according to the third
embodiment of the present invention:

~ FIG. 15 is a block diagram showing the arrangement
25 of a picture decoding apparatus according to the third
embodiment of the present invention;-

FIG. 16 is a block diagram showing the arrandgement




A subtracter 102 subtracts the predictive picture 5 signal 142 fromthe

i nput picture signal 132 and outputs a predictive residuggjﬁyggy;signm
133. The predictive residual error signal 133 is subjected to discrete
cosine transform (DCT) for each block having a given size in a first.

di screte cosine transforner 103. 10 DCT coefficients 134 obtained by the
di screte cosine transformare quantized by a second quantizer 104. A
first variable |l ength encoder 105 encodes 9quantized DCT coefficients 135
to obtain a DCT coefficient code stream 136. A nultiplexer 106 nulti pl exes
the DCT 15 coefficient code stream 136 with a notion vector code stream

144 obt ai ned byfeacpdin@ra0bhoHIVEST 8 tpEQLmati S Ng..a c ri abl e
| engt h .encoder 112.p The resultantgda %ais outpu?gggygé g?dgggcgggrgﬁrean1

137. 20 On t heemibbeimbandoft hige D&Tc s0Rf f igeALidR5 hSq dequantized by a
dequanti zer 107 and then subjected to an inverse discrete cosine transform

(inverse DCT). An Etder1109saddslankodlpytah38nhbwonyaphbnyers8qeRshae
transforner 108 to the predictive picture signal 142 to 25 generate a | ocal
decoded pi ct uref st gnbttune. dateding akppaesodse dapéct digg St @nahe 188 6h St or ed
as a reference picture signal in the frane menory 110. 18 July 2006 11 The
ref erence pi cteiodGingnt aithd presentevimusntion. _
o Best Mode for Carrying Out the Invention
(First Embodiment)
FIG. 1 shows the baéic arrangement of a picture
encoding apparatus according to the first embodiment of
10 the present invention.
An input video signal 131 is divided into a
plurality of predetermined areas first by an area
divider 101 and then subjected to the following motion
compensation adaptive prediction. 2A motion compensa-
15 tion adaptive predictor 111 detects a motion vector 143
between an input picture signal 132 and a reference
picture signal 141 of the previous frame which is
stored in a frame memory 110 and has already been
encoded and subjected to a local decoding. Motion
20 compensation is performed for the reference picture
‘signal 141 by using this motion.vector. This generates
a predictive picture signal (the reference picture
signal after motion compensation) 142. The motion
compensation adaptive predictor 111 selects a suitable
25 prediction mode of the motion compensation prediction

mode and the intra encoding (predictive picture

signal = 0) mode using the input picture signal 132 for .




frame output fromthe franme nmenory 110 is encoded by a reference picture
encodi ng unit-conprising blocks denoted by reference nun?ggh?z@*s to 115.
More 5 specifically, the reference picture signal 141 is inpu to both the
not i on conpensati-on adaptive predictor 111 and the second discrete cosine
transformer 113. 1n the second discrete cosine transformer 113, the
reference -picture signal 141 is subjected to a discrete cosine 10
transform (DCT) for each bl ock having a predeterm ned size. The second
quantizer 114 quantizes transform coefficients 145 obtained by this
operation. The third variable |Iength encoder 115 encodes the quantized
transform coefdi&b@ms. e 0 b e 15, to _as.a reference
pi cture code strean1H%H%?ﬁ%€€§r§ﬁ%4§ﬁé%%§bi%%% %@E%ﬁgstﬁF?dpﬁ%?}%éﬁ%ﬁlength

encoder 115ifpidnﬁﬁéﬂsfﬁhéufI@théEf$§55ﬁﬁiﬁ§Ogﬁggﬁe;%ggﬁcgggﬁ stream

137. FIG 2 shows an arrangenent equivalent tO ownhin FIG 1

whi ch addi ti onatddidatnicdiudesd@. header multiplexing unit 117 for adding
frame headers. A control unit 116 manages the overall operation of the

pi cture encodi ng appaattusacterthds saseradts BRetphesliactitde, LORLLO! unit
116 sel ects, for exanple, 25 either the encodi ng node of outputting only

the vidéo codd@taledm2 Fraon tthe soodimig:tode of groat pLdd i3 both  the

vi deo code stream 137 and the reference picture 18 July 2006 :
outputs a predictive residual error signal 133. The
predictive residual error signal 133 is subjected to
discrete cosine transform (DCT) for each block having a
given size in a first discrete cosine transformer 103.

10 DCT coefficients 134 obtained by the discrete cosine

transform are quantized by a second quantizer 104. A
first variable length encoder 105 encodes gquantized DCT
coefficients 135 to obtain a DCT coefficient code
stream 136. A multiplexer 106 multiplexes the DCT

15 céefficient code stream 136 with a motion vector
code stream 144 obtained by encoding motion vector
information using a second variable length encoder 112.
The resultant data is output as a video code
stream 137.

20 _ On the other hand, the DCT coefficient 135 is
dequantized by a dequantizer 107 and then subjected to
an inverse discrete cosine transform (inverse DCT)}. An
adder 109 adds an output 139 from an inverse cosine
transformer 108 to the predictive picture signal 142 to

25  generate a local.decoded picture signal 140. The local

decoded picture signal 140 is stored as a reference

-picture signal in the frame memory 110.




12 code stream 147. The control unit 116 al so generates a frame header
code stream 148. The header nultiplexing wunit 117 gener aj@signomHt put code
stream 149 by nultiplexing the video code stream 137, reference 5 picture
code stream 147, and frame header code stream 148. The out put code stream
149 is sent out to a transm ssion systemor storage system (not shown)

-~ FIG 3 shows the data structure of a picture- associated portion of the
out put code stream 149 output 10 fromthe picture encoding apparatus in
FIG 2. In the conventional picture encoding apparatus, a reference = =
picture signal is not encoded, ‘and only an input video signal is-encoded."

For thi t h t put code st 15
For fhis,Teason, 2 mLciute: azsech pLedport Lot of e Sééé’zwéﬁaﬁq%?r?am
Frame #n; Fra éﬁfle”ouf iﬁfrefxﬁ +2the %mé)f 3?%3’]:%@3}?'1&‘(% tshowghlo\r,lvn

FIG 3(a). In contrast tot e pic

in FIG 2, asshaMbidhdd %u%lpx)e érﬂﬁ)c{ﬁ{germ@t%&n;?flsﬂﬁ qod SLYeam 147

(Ref-Frame #n+l) in an arbitrary frame is

i nsert ed befoﬁ%ﬂdﬁédrby'ﬁéféﬂbﬁdéﬂﬁﬁﬂéﬁéWQ ﬂﬂ?“% WStr] 24 deo code
stream 137. As a consequence, the franmes are nultiplexe to generate the
output Gode 2Zpesfirfdamlli4g. die c@ldrasicd @ihaLass ghown 410 1kl Go3b) -
' to both the motion compensation adaptive predictor 111
and the second discrete cosine transformer 113. In the
second discrefe cosine transformer 113, the reference
| picture signal 141 is subjected to a discrete cosine
10 transform (DCT) for each block having a predetermined
size. The second quantizer 114 quantizes transform -
coefficients 145 obtained by this operation. The third
variable length encoder 115 encodes the quantized
transform coefficients. A code stream (to be referred
15 to as a reference picture code stream hereinafter) 147
obtained by the third variable length encoder 115 is
ocutput as a frame different from the video céde
stream 137.
FIG. 2 shows an arrangement equivalent to that
20 shown in FIG. 1 which additionally includes a header
multiplexing unit 117 for adding frame headers. A
control unit 116 manages the overall operation of
the picture encoding apparatus. 1In this case, in
particular, the control unit 116 selects, for example,
25 either the encoding mode of outputting only the video
.code stream 137 or the encoding mode of outputting both

the video code stream 137 and the reference picture




a reference picture (147) may be inserted after the 18 July 2006 13 (n +

1)-th frame (137). FIG 4 shows an exanple of the structufgrgfbbe frane
header code stream 148 contained in the output code stream 149. As the
node information of the code 5 stream Pic-type (picture type) information
is defined. As a picture type, R-Picture is separately defined, which is
the frame type of the reference picture code stream 147 unique to this
enbodi nent, in addition to general |-Picture, P-Picture, and B-Picture.
Anot her 10 met hod may be used to recogni ze the reference picture code
stream 147. The sarre effects as descri bed above can be obtained by this.

thod.  Wth th t f f
(r;”(ra tﬁe li ke, |rt 'S pre? erajb ﬂ%lgcejlj]s%f nl%?Jht %hldé%% ccillﬁeé{qn]%etoeﬁ rfges'[ Z%
of a frane u&ﬂgamet méadédreq:odé hgen]' S ¥ Qlihé hhe tofl{g—ﬁ:lél)’li’eéiflslgg’rm t hat

the reference picture co streaml is omt

frame using t he el BIENRAIRIY Gn AU &AM Js@raa%l qnig efl due to an

errar. In this 20 case, such a Tinmestanp | ective information to

identify the assagiftd:omdatnuean dde dddumes @ndhd he7, T ef8r8neg Pi cture code
stream 147. In addition, using the sane code stream structure as that of a
general 5 franpieltunaatek: tdtedwecassit yaral B 6Re tcldead diddeondlrean
148. The output code stream 149 is sent out to a
transmission system or storage system (not shown).
FIG. 3 shows the data structure of a picture-
associated portion of the output code stream 149 output
10 from the picture encoding apparatus in FIG. 2. In the
conventional picture encoding apparatus, a reference
picture signal is not encoded, and only an input
video signal is encoded. For this reason, a
picture-associated portion of the output code stream
15 149 has a data structure formed from only the video
code stream 137 (.. Frame #n, Frame #n+l, Frame #n+2, ..)
of each frame like that shown in FIG. 3(a}. 1In -
contrast to this, in the picture encoding apparatus
shown in FIG. 2, as shown in FIG.lB(b), the reference
20 picture code stream 147 (Ref-Frame #n+l)} in an
arbitrary frame, e.g., the (n + 1)-th frame, is
inserted before the (n + 1)-th frame (Frame #n+1) in
the video code stream 137. As a consequence, the
frames are multiplexed to generate the output code
25 stream 149.
In contrast to the case shown in FIG. 3(b),

a reference picture (147) may be inserted after the




25 circuit, a general circuit can be used. The use of the schene of

di scrimnating the nodes in accordance w th node informajg @flybod hi s
manner can 14 inplenment a recovery function by not only encoding a

ref erence picture signal used in this enbodi nent but also intra-encoding,
for exanple, the target frame itself, which is to be recovered from an
error, and 5 i npl enenting redundancy. A recovery function can be
|nplenented by encoding in advance, in thg intra node, a franme to be
subjected to notion conpensation adaptive predictive encoding, and

desi gnating only node infor- natlon in an R-Picture or the like. In this
case, when 10 étqjqjd%kﬁ Q} he transm ssion side to transmt an
R-Picture, there is 'no need to sen the code stream of a corresponding

general frame (maips.a P-RiKIUrE chang)f% GG sH: gemles e

therefore useful for the effective us a transn155|on pat

basi ¢ arrangemaninedtheddRirCiddR 8GR 4 PR AL S AC k' %5}1%0%@1% to the
pi cture encodi ng. apparatus according to this enmbodi ment w | descri bed

with referencedde BtGeah 1HRe Owkpuﬂm£Qﬁﬁkﬁh&&%&h&ﬁ@oﬁubguﬁjﬁiQﬁbbhe
pi cture encodi ng apparatus 20 shown in FIG 2 is input as an input code

stream 6o t he stpiectyr ®idetggiend papparat type) EhGorhatheaugl degined.
transm ssion systemor storage system In the picture decoding apparatus,
a header denuﬁ@i@l@itmgr@ntprOOR—Picture is separately defined,
- which is the frame type of the reference picture code
stream 147 unique to this embodiment, in addition.to
general I-Picture, P-Picture, and B-Picture. Another
10 method may be used to recognize the reference picture
code stream 147. The same effects as described above
can be obtained by this method.
With regard to a Timestamp indicating the display
time of a frame or the like, it is preferable to
i5 describe in an R-picture the Timestamp.of a frame using
this, i.e., the Timestamp of the next frame. Assume
that the reference picture code stream 147 is omitted
due to an error or a frame using the reference picture
code stream 147 is omitted due to an error. In this
20 - case, such a Timestamp is effective information to
identify the association between the frame and the
reference picture code stream 147. In addition, using
the same code stream structure as that of a general
frame eliminates the necessity of a special additional
25 circuit, a general circuit can be used.
The use of the scheme of discriminating the modes

in accordance with mode information in this manner can




dermul tiplexes the input code streaminto a video code 25 stream 231 and a.
reference picture code stream241. A denultiplexer 201 dp@nh&b@gpxes t he

vi deo code stream 231 into a DCT coefficient code stream 232" and a notion
18 July 2006 15 vector code stream 237. The DCT coefficient code stream 232
i s decoded through a variable |ength decoder 202, dequantizer 203, and
i'nverse discrete cosine transformer 204 and reconstructed into.a
predictive 5 error signal 235. The notion4vector code stream 237 is decoded
by a variable | ength decoder 206. Mtion vector information 238 '
reconstructed by this operation is input to a notion conpensation:

predi ctor "207.; f.er.ence. pi re.cqde stream,241 10_denu{tialexed from
t he i nput code™ tﬁegge?rl]tbf a %eo;{}(fgrb}’ ]ﬁ]ennclqﬂqﬂnp}b xi%r?é: l?rﬂ]ty (‘Wcﬁo is

transfornmed i MG 3 &S SiQNGE PG A SIek 12445 hrgHQ : riabl e I ength
encoder 209, dequaﬁ?ﬁze?ﬁélo, an g#%veﬁge dﬁgbﬁéf% EEOSPH%E¥&5%§'orner 211

This code streamd Snithen checidied 4dt Rdah@dTR , MRARS X:(??L%fe-t lé%&}\% the notion
or

vector information 238, the notion conpensation predi per forms
notion conpensalsieq¥,f ohiah 6fer@Ner Rickiove®edSirgddl 223218t hanprevi ous

frame read out fromthe frame menory 208 to generate a predictive picture.
20 signal (a Hebdreret ipigcriddnsiagnal. aft eecoRtir-gn ruseens akihopy 240. An
adder 205 adds the predictive _ :
- implemented by eanding in advance, in the intra mode,
a frame to be subjected to motion.compensation adaptive
predictive encoding, and designating only mode infor-
mation in an R-Picture or the like. 1In this case, when
10 it is determined on the transmission side to transmit
an R-Picture, there is no need to send the code stream
of a corresponding general frame (mainly a P—Pictﬁre or
B-Picture). This embodiment is therefore useful for
the effective use of a transmission path.
15 The basic arrangement df a picture decoding
apparatus corresponding to the picture encoding
apparatus according to this embodiment will be
described with reference to FIG. 5. The output code
stream 149 output from the picture encoding apparatus
26 shown in FIG. 2 is'input as an input code stream to the
picture decoding apparatus in FIG. 5 through the
transmission system or storage system. 1In the picture
decoding apparatus, a header demultiplexing unit 200
demultiplexes the input code stream into a video code
25 stream 231 and a reference picture code stream 241. A

demultiplexer 201 demultiplexes the video code stream

231 into a DCT coefficient code stream 232 and a motion




error signal 235 and the predictive picture signal 240 to generate a

pl ayback picture signal 236. The playback picture signal (2&flybogut put to

t he outside -of 25 the apparatus and stored as a reference pic¥ure si gnal
inthe frame nmenory 208. In this enbodi nent, the picture encodi ng appar at us
18 July 2006 16 sends out the information of a reference picture as a ‘
reference picture code streamto the transm ssion system or storage system
i ndependently of a video code stream Thes picture decodi ng apparatus then
decodes 5 the reference picture code streamto reconstruct the information
of the reference picture. This makes it possible to properly cope with the

occurrence- of 1) Iy T, rg%?? f?tp&ﬁffré??d aﬁgé/emcﬁcgoorgéﬂgje%&%w%%% Erevbodi mant ,

the picture recovery a y upon 10 occurrence 0

| proved. Thi 56l 861538 o B daidery S50 | DOk el GON ere oI,

exanpl e, video encoding operation using a pr shown in
FIG 6. In thimpLasquakieiz&n &3 0raRf Cllve b tG W &g in FIG 7,

the 15 error propagates to the subsequent franes using the prediction. For
this reason, schenoadne@peml iQtoaNalaldy uses A frlddiGd efresh

met hod of periodically inserting a frame which can recover from an error,
if it o&urs, drrer .sgrdll razencaded ro@Mn vector code stream 237 is
decoded by a variable length decoder 206. Motion
vector information 238 reconstructed by this operation
is input to a motion compensation predictor 207.
The reference picture code stream 241

10 demultiplexed from the input code stream by a header
demultiplexing unit {not shown) is transformed into a
reference picture signal 244 through a variable length
encoder 209, dequantizer 210, and inverse discrete
cosine transformer 211. This code stream is then

15 stored in a frame memory 208. Using the motion vector
information 238, the motion Cbmpensafion predictor 207
performs motion compensation for a reference picture
signal 239 of the previous frame read out from the
frame memory 208 to generate a predictive picture

20 signal (a reference picture signal after motion
compensation} 240. An adder 205 adds the predictive .
error signal 235 and the predictive picture signal 240>
to generate a playback picture signal 236. The
playback picture signal 236 is output to the outside of

25 the apparatﬁs and stored as a reference picture signal
in the frame memory 208,

In this embodiment, the picture encoding apparatus




20 (I-Picture). This however degrades the encoding efficiency. In contrast
to this, according to this enmbodinent, in the picture deppgiipgo@pparatus
shown in FIG 5, the reference picture signal obtained by decoding a 25 -
reference picture code streamis separately held as the data of a
reference picture signal used upon occurrence of an error in the frane
menory 208, as shown in 18 July 2006 17 FIG 8. This data is used to decode
a video code streamonly when an error aarurs. That is, when no error
occurs, a reference picture signal based on predictive encoding with high
encoding efficiency is 5 used. Only when an error occurs, a reference

picture sign r odi r C icture code stream
is used to re%%vg§§??%%ﬂ#ﬁ%egyg%?gﬁ%ﬁﬂgqg%%béﬁ%ﬁﬁggﬁgiggﬁgﬁnﬁ%E%%ﬁ?igured

to forcibly repl@arndderauaitendl dedl AT TR 208 W, a ref er ence

10 picture decoded froma reference picture code stream upon occurrence of

an error. In iyl OemLagl e mholgEtent e doldly; UUTRELH! codes

generated in the picture encoding apparatus increases by the extent to
whi ch a referestneahb piTiding @igraldd o dieRpARInA /RCAdRG, JHHsdY obl em can

be solved by outputting a reference picture code stream only when needed.
For exaﬁple,_ﬂﬂdeﬁaﬁhnenﬂd(picture code stream to reconstruct the
information of the reference picture. This makes it
possible to properly cope with the occurrence of an
-error. As described above, according to this.
embodiment, the picture recovery ability upon
10 occurrence of an error can be improved.
| This effect will be further described below.
Consider, for example, video encoding operation using a
prediction like that shown in FIG. 6. In this case,
when an efror occurs on the way as shown in FIG. 7, the
15 error prbpagates to the subsequent frames using the
prediction. For this reason, such encoding operation
generally uses a periodic refresh method of
periodically inserting a frame which can recover from
an error, if it occurs, i.e.,. an intra-encoded frame
20 (I-Picture). This however degrades the encoding
efficiency.
In contrast to this, according to this embodiment,
in the picture decoding apparatus shown in FIG. 5,
the reference picture signal obtained by decoding a
25 reference picture code stream is separately held as the
| data of a reference picture signai used upon occurrence

of an error in the frame memory 208, as shown in




indicating a reference picture code streamis witten at the head of a
frane as frame type information 20 indicating the type of ¢ hgyhose. This
node informa- tion i's analyzed on the picture encoding appara¥us side to
determ ne whether or not to output a reference picture code stream In the
normal node, no reference picture code streamis output. 25. FIG 9 shows
t he basic arrangenent of an output determning unit for such a reference
picture code stream This output determiing unit is incorporated 18 July
2006 18 in, for exanple, the header multiplexing unit 117 in FIG 2.
Referring to FIG 9, an input code stream431 is input to an additional

i nformation d mdqin it 1, i term nes_whether this code
streamis 5 in %%hé?iogm?%%i%%égnbsggﬁ%gﬁgf TaReSo? WIFTiEHFy added

i nformation. | i I tant Wale) e 4 .S a code
stream i ncl udisﬁ\tglte%ﬁﬁlg Vi eghg%gean s%lfre%}?n%%&g%bl rlzééegﬁ%:’e%%}f%?ur%oe code

stream 147. The-raddiddonal érgéféggﬂégmﬁggfﬂf@rg Unig- 401 determnes 10

whether or not this code streamis the reference picture code stream 147 as
addi tional infgrewmiidtoie halad Bignwadl o giesaldodiddy fé oM dNg,addid i onal
information determning unit 401 is input to an additional information
out put det er niudewy urdrtl ¥eherd SaThisrdinidedlet£r M nesrd ferdes g idange W th
state infor- :

signal reconstrﬁcted by decoding a reference picture

code stream is used to recover from the error. This

apparatus may also be configured to forcibly replace

the contents of the frame memory 208 with a reference

10 picture decoded from a reference picture code stream
upon occurrence of an error.

In the arrangement of this embodiment, the totél
number of codes generated in the picture éncoding
apparatus increases by the extent to which a reference

15 | pictﬁre signal is separately encoded. This problem can
be solved by outputting a reference picture code stream
only when needed. For example, mode information
indicating a reference picture code stream is written
at the head of a frame as frame type information

20 indicating the type of the frame. This mode informa-
tion is analyzed on the picture encoding apparatus side
to determine whether or not to output a reference
picture code stream. In the normal mode, no reference
picture code stréam is output.

25 - FIG. 9 shows the basic.arrangement of an output

determining unit for such a reference picture code

stream. This output determining unit is incorporated




mation 433 indicating the current state whether or not to output the
reference picture code stream 147. Assune that the statelgﬂhfﬁg@gion. 433
is-information - indicating whether or not an error is currentiy 20
occurring. In this case, if an error is occurring, the additional

i nformation output determning unit 403 determnes to output the reference
picture code stream 147. In the normal state in which no error is '
occurring, the reference picture code strgam 147 25 determ nes not to
output the reference picture code stream 147. A determ nation result 434
fromthe additional 18 July 2006 19 information output determ ning unit 403

is transferred_ ta an output uni,t 402. . The tput unit 40 tputs the

ref erence codé™¥t &eod’ﬁm%ﬁ[?pulcedn&aﬂ% 4P, plﬁsef’fléhgm"d@gt ioﬁﬂatmt hr ough

t he addi ti onal,{-nf oy maty - i ng aunit 401, .as_ap out put code stream
436 .in accor ggrggegvﬁ t hﬂe'tolﬂéexsrdlcelfée?crrr(%ﬂ nE;e;"lt@'onéj’r easnulltnpfat4 ‘?Ordc])emst%ﬁgeané(fgﬁti onal

i nf ormati on oytgpyt ardndy NQydhni it 3.5 i gﬁﬁe ' . .
adaptively outputntpﬁlg‘I referencquéjégéffgiﬂ#@% ) anéh%gﬁggﬁﬁleggﬁﬁé 10

unnecessary i afoar, e h fdQBRRITG Qdierd THNE DRIIErskalig W thout any
error. In-the picture decoding apparatus showmn in FIG 5, the reference
pi cturescode shfeaMaddbrmandiedtipY Ahormal frame or auxiliarily
' | added information. 1In this embddiment, the input code
stream 431 is a code stream including the video code
stream 137 and reference picture code stream 147. The
-additional information determining unit 401 determines
10 whether or not this code stream is the reference
picture code stream 147 as additional information.
A determination result 432 from the additional
informatioh determining unit 401 is input to an
additicnal information output determining unit 403.
15 This unit determines in accordance with state infor-
mation 433 indicating the current state whether or not
to output the reference picture code stream 147.
Assume that the state information 433 is information
indicating whether or not an error is currently
20 occurring. In this case, if an error is occurring, the
additional information output determining unit 403
determines to output the reference picture code stream
147. 1In the normal state in which no error is
occurring, the reference picture code stream 147
25 determines not to output the reference picture code
Stream 147.

A determination result 434 from the additional




an i nput code streameven in the normal state. For 15 exanple, such cases
include a case wherein a local file is played back and ajgag@ogyerein no
adapti-ve transm ssion i.s supported on the transm ssion side.” In such a
case, it can be determined on the picture decoding apparatus side whether
or -not to decode the 20 reference picture code stream241. FIG 10 shows

t he basi c arrangenent of a decoding operation determ ning unit which
decodes a reference picture code streaml@pon determ ning whether or not to
“decode it. This decoding operation determining unit is 25 incorporated in

t he header demultiplexing unit 200 provided on the front stage in FIG 5.

~Referring to jH#5rnkhi AN Jutpic 9%@%r%ﬁﬁﬁ§ﬁ%§§ﬁti%d§“¥§ th Q8 oyl y 2006

20 additional 1 nformation determning unit 501, which ‘determ nes et her

or not the code s eaffdut additt igenal THY JRfitORnilh 4l Suepedi nent, the
i nput code stream 531 is a code stream containing the video code stream5

231 and ref er ehee i feirérRC ed@eSsheamm?4L 7, Thentaddicdd anak icaler mation
determ ning unit 501 determ nes whether or not the input code stream 531

“is the referetresn 3k dnpade thtroaam 240k a0dis idekar fnfatrmakions perfor med
by using, for exanple, node information 10 which is witten in frame type
i nf or mabi on ade tenmdindatgesina tr d0ér, ence api cpetc odelessteamm 436 in
accordance with the determination result 434 from the
additional information output determining unit 403.
This makes it possible to adaptively output the
reference code stream 147, and hence prevents
i0 unnecessary information from being output in the normal
| state without any error.

In the picture decoding apparatus shown in FIG. 5,
the reference picture code stream 241 may be input as
an input code stream even in the normal state. For

15 exampie, such cases include a case wherein a local
file is played back'and a case wherein no adaptive
transmission is supported on the transmission side. 1In
such a case, it can be determined on the picture
decoding apparatus side whether or not to decodé the

20 reference picture code stream 241.

FIG. 10 shows the basic arrangement of a decoding
operation determining unit which decodes a reference
picture code stream upon determining whether or not to
decode it. This decoding operation determining unit is

| 25  incorporated in the header demultiplexing unit 200

provided on the front stage in FIG. 5. Referring to

FIG. 10, an input code stream 531 is input to an




A determnation result 532 fromthe additional information determ ning

uni-t 501 is input to a decoding nethod determ ning unit ORIy o0dE used to
determ ne 15 whether or not to decode the reference picture code stream
241. ‘Information indicating whether the current decoding operation is

| ocal decoding or an error has occurred is supplied as state information
533 to the decoding nethod determ ning unit 503. The decodi ng 20 net hod
determning unit 503 determ nes fromthe 2@eterm nation result 532 fromthe
additional information determning unit 501 and the state information 533
whet her -or not to decode the reference picture code stream 241 contai ned

in a code stregmbdbord iﬂpfﬁnaamp&ghdw@rﬁﬂ@i@& QN ¢ | 46 Lr Bt | OO

determining: unit 501. A decoding unit 502 perforns decoding Thn accordance

with a determfatéemings WHetldd d¥ ond ¢ hen2lcslec agi ngeret hody det g5, ni ng
unit 503 and outputs a playback signal 536. Wth this operation, 1n the

case of |ocaligEsathingor the thke, edihed fhadtlr erriecaghng cawad@tdis, can be
controll ed not to decode additional 5 information. In the normal state

wi t hout any t33nhsis ssianiergtorean aroexaimpiey tHe viefer encde plictde code
stream 241 is discarded by the decoding nmethod determ ning unit 503
wi t hout Shei ng 2k ored]. refsaree thiattwrd ramde tot e &f4rr edflHeo is omitted
and a 10 pl ayback picture cannot be normally decoded because an
_ additional information determining unit 501 determines
whether or not the input code stream 531 is the
reference picture code stream 241. This determination
is performed by using, for example, mode information
10 which is written in frame type information and
indicates a reference picture code stream.

A determination result 532 from the additional
information determining unit 501 is input to a decoding
methed determining unit 503 to be used to determine

15 whether or not to decode the reference picture code
stream 241. Information indicating whether the current
decoding operation is.local decoding or an error has
Qccurred is supplied as state information 533 to the
decoding method determining unit 503. The decoding

20 method determining unit 503 determines from the
determination result 532 from the additional
information determining unit 501 and the state
information 533 whether or not to decode the reference
picture code stream 241 contained in a code stream 535

25 inpUt through the additional information determining

unit 501. A decoding unit 502 performs decoding in

accordance with a determination result 534 from the




error has occurred in the transmission path. In this case, since a

reference picture required to decode the playback picturpgmﬁyggy;stored in
the frame nenory, the reference picture code stream 241 is decoded to :
replace 15 the picture stored in the frame nenory. This prevents a
deterioration in the playback picture due to mxing of the error. This
apparatus can al so use a technique of decoding a reference code stream and
replacing the reference frane with the r&sultant data only when an 20
error has occurred. The reception side can also be configured to decode an
entire reference code stream wupon receiving it regardl ess of whether or

not the Tefer&é\@@dIxﬁ@r‘iﬁefﬁoaod%efﬁ%ﬁﬁ?dunir i@?ﬂ?ﬁ&!&&%\é (8 been

- described on the premse 25 that one reference frane i§ ibmever, a
plurality of peigsereesisagessgy bgitsedh: j e, dfrall e
pi ctures of a %Idfglity of frames are addg%%éP%%gggtﬁﬁﬁbe}ﬁo¥ﬁ%da%%gbits
may becone exceSsloedl dec@@ingresuthé nOikd, | ek ofcpirctacdbaiyy For this
reason, only a snmall area (e.g., a macroblock in this case) of "a
plurality of rafmxenoes feandse MWothrobléd et ried ede@sid 1441 st on
conpensation is selected and output as the reference picture code stream
241. I1hhis casmrratigna sin uthereopesl neicatoblwickhaepl @aoes the data
structure per frame in FIG 3(b). Using this scheme nakes it possible to
avoi d .an i ncr dEESHL SHEOTH BHeeT of for example, the reference picture

code stream 241 is discarded by the decoding method
determining unit 503 without being decoded. Assume
that a frame to be referred to is omitted and a

10 playback picture cannot be normally decoded because an
error has occurred in the transmission path. 1In this
case, since a reference picture required to decode the
playback picture is not stored in the frame memory, the
reference picture code stream 241 is decoded to replace

15 the picture stored in the frame memory. This prevents
a deterioration in the playback picture due to mixing.
of the error. This apparatus can also use a technique
of decoding a reference code stream and replacing the
reference frame with the resultant data only when an

20 error has occurred. The reception side can also be
configured to decode an entire reference code stream
upon receiving it regardless of whether or not the
reference frame is to be replaced.

'This embodiment has been described on the premise

25 that one reference frame is used. However, a plﬁrality

of reference frames may be used. In this case, 1f all

the pictures of a plurality of frames are added, the




10 coded bits due to encoding of nmacroblocks that are not used and to save
t he nunber of coded bits. In this case, a code streami S18Wily heds t oget her
with “information indicating that macrobl ock infornmation output as
additional information is a macroblock at a 15 specific position in a
specific frame. (Second Enbodi nent) FIG 11 shows the arrangenent of a

pi cture -encodi ng apparatus according to the second enbodi ment of the
present invention. In. the first enbodimext, a 20 reference picture code
streamis output as a frane different froma video code stream In the
second enbodi nent, a reference picture code streamis output as

ddi tional inf I f | de code stream The sane
?ef erence nunerfr?{a“f%fagd% n@iqééle[ifé‘%%d%ﬁﬁeeé?r#e es% S?)]a‘ﬁlzyi HGa -d_ll, ?ndt ]
only the diff Sy f T t et J ' a s. .according to the
fi r}s/t enbodi mﬁsﬁ%ctﬁsn eﬂgnels%'?f gﬂeﬁéﬁ%?u y '6_ %&Ilgg}gﬁ a’%a}sso?l}‘(en out put .
Wth this arraraementsma I efedence, Pictingd Ml sk qr}pog{ir%ergas rﬁ erence

picture code stream 147 is input to a multiplexer 106 to mul'ti pl exed
with a quantizzedwand mar icble=fangide encaded PEL oef figirntre 36 apd
notion vector code stream 144. The resul tant
-5 . to in motion compensation is selected and output as the
- reference picture code stream 241. 1In this case, a
| data structure per macroblock replaces the data
structure per frame in FIG. 3(b}). Using this scheme
makes it possible to avoid an increase in the number of
10 - coded bits due to encoding of macroblocks that are not
used and to save the number of coded bits. In this
case, a code stream is written together with
inforﬁation indicatiﬁg that macroblock information
output as additional information is a macroblock at a
15 specific position in a specific frame. |
(Second Embodiment)
FIG. 11 shows the arrangement of a picture
encoding apparatus according to the second embodiment
of the present invention. 1In the first embodiment, a
20 reference picture code stream is output as a frame
different from a video code stream. In the second
embodiment, a reference picture code stream is output
as additional information for the frames of a video
code stream. The same reference numerals as in FIG. 1
25 denote the same parts in FIG. 11, and only the
differences from the picture encoding apparatus

according to the first embodiment will be described.




signal required to encode and decode a specific frame of a video code
streamis added to the frame. Mre specifically, as shownigmifbbos 12, the
reference picture code stream 147 (Ref-Franme #n+l) of the (n+ |)-th frane
becones additional information in the same (n + 1)-th frane (Frame #n+l)
in a video code stream 137. In the scheme of adding a reference picture
code 15 streamto a specific frame on a small area (nmacrobl ock) basis as
described in the latter part of the first23enbodi nent, the apparatus can
use a schenme of nultiplexing the video code stream 137 and the reference
pi cture code stream 147 on a macrobl ock basis 20 and adding, to the video

Cpde stream Vi AeLer ShRakl g || 2% LPLOLIRLI Q1 LOCL CBLAROMNSLTCT 01 o1

the reference picture code stream 14

FIG 13 shows menﬁeslﬁ@nwr@%up&ﬁl&@iuwa 23 1Hespd Lﬁ%?gg@&?ﬂy& a

corresponding to the picture encoding apparatus in e sane

reference nuUNREAS 864 | dnd Far SaitED0l En & I8 SREBADR BT | So &t B 13n 24 and

only the differences fromthe picture decoding apparatus according to the
first enbodi meaie vdnd metislesesdted dedovet e hi 44 enbRgh BOSy ] fant

denmul tipl exer 201 denultiplexes a reference picture code stream 241,
-5 data is then output.
With this arrangement, a reference picture signal
required to encode and decode a specific frame of a
video code stream is added to the frame. More
- specifically, as shown in FIG. 12, the reference
10 picture code stréam 147 (Ref-¥rame #n+l) of the
(n + 1)-th frame becomes additional information in the
same (n + 1)-th frame (Frame #n+l) in a video code
Stream 137.
In the scheme of adding a reference picture code
i5 stream to a specific frame on a small area {macroblock)
basis as described in the latter part of the first
embodiment, the apparatus can use a scheme of
multiplexing the video code stream 137 and the
reference picture code stream 147 on a macroblock basis
207 and adding, to the video code stream 137, determination
| flag information indicating whether or not the
reference picture code stream 147 is added to a
specific macroblock.
CFIG. 13 shows_the arrangement of a picture
25 decoding apparatus corresponding to the picture
encoding apparatus in FIG. 11. The same reference

numerals as in FIG. 5 denote the same parts in FIG. 13,




5 which is inserted as additional information.for a frane of a video code
stream 231, fromthe video code stream 231, independentl yg @flvaodT
coefficient code stream 231 "and notion vector code strean123¥V The

denmul tiplexed reference picture code stream 241 is decoded through a 10
vari abl e | ength decoder 209, dequantizer 210, and inverse discrete cosine
transfornmer 211 as in the first enbodi nent, thereby reconstructing a
reference picture signal 244. The reference picture signal obtained by
decoding the reference picture code streamis held as 15 the data of a
reference picture signal used upon occurrence of an error in a frame nenory

208. Wen , } i [ a j dto d d
Che video code st ru e Lt Ere et ThE PLEL BECPRLE S3reTE0%t Crorcibly
replacing the Bthss of c2Or &g FESNEn SeFPE Y, 2&&&9&1@%@%?1’_ grence

pi cture decoded” froma reference picture code stream when an erf or

occurs. (Thirdidgtodidleidldh G i shONSehbed AfdMPICTBMnef t Ao i Lre 25

encodi ng apparatus according to the third embodi nent  of the present
invention. In 2die demslt gieses adre Bshac et Stutdecs el e @ncen pigt ure code

stream 147 is 18 July 2006 25 generated by encoding the reference picture
signal Sstoreddvhicht hes finenertredoary dddiitiondheidfvrfbtion for a frame

of a video code stream 231, from the video code stream
231, independently of a DCT coefficient code stream 231
and motion vector code stream 237. The demultiplexed
reference picture code stream 241 is decoded through a

10 variable length decoder 209, dequantizer 210, and
inverse discrete cosine transformer 211 as in the Ffirst
embodiment, thereby reconstructing a reference picture
signal 244. The reference picture signal obtained by
decoding the reference picture code stream is held as

15 the data of a reference picture signal used upon
occurrence of an error in a frame memory 208. When an
error cccurs, this reference picture data is used to
decode the video code stream. This apparatus may alsé
use the scheme of forcibly repiacing the contents of

20 the frame memory 208 with the reference picture decoded
from a reference picture code stream when an error
occurs.
(Third Embodiment)

" FIG. 14 shows the arrangement of a picture

25 encoding apparatus according to the third embodiment

of the present invention. 1In the first and second

embodiments, the reference picture code Stream 147 is




embodi ment, a reference picture code stream 147 is generated by encoding a
~.reference picture signal 5 (predictive picture signal) aflghﬂgpgmpn
conpensation. In this notion conpensation, a reference picture obtained
by sel ecting optinmal portions fromthe reference picture signal stored in
a frame nenory 110 on a small area basis (nmainly on a macrobl ock basis) is
10 generally stored in the frame nenory. For this reason, a reference.
picture signal 142 after notion conpensa2gion is a signal selected froma
reference picture signal 141 stored in the frane nenory 110 on a

macr obl ock basis. 15 Referring to FIG 14, the reference picture signal

142, T 125 ST 400, IOLLOD, COITENF 3 0 oel oLt . T oD ook

basi s), output” Troma noition co tiona

encoded t hr ougl &l s etie, cAslae ddRNS! ofPr 13 dequany] zer 114, and 20
er e rere

vari abl e I ength enco 115." As a consequence, rence picture code

stream 147 is ggpeliatdat, T$eref@fe%{@@gai%fcpdﬂélr&&@dsec%aa{fgffﬂvl% gener at ed

inthis manner is output in a frane ferent fromt a video code

stream 137 as gehdd¥dd NS} SRQUINENY r e 2 QUNWL AL &1 dragerted as
addi tional information in the frane of the video code stream 137 as in the
second Senbodi(pemridi il vlIpi AMe 2 gnal) after motion compensation.
| In this motion compensation, a reference picture -
obtained by selecting optimal portibns from the
-reference picture signal stored in a frame memory 110
on a small area basis (mainly on a macroblock basis) is
10 generally stored in the frame memory. For this reason,
a reference picture signal 142 after motion compensa-
tion is a signal selected from a reference picture
signal 141 stored in the frame memory 110 on a
macroblock basis.
15 Referring to FIG. 14, the reference picture signai
142, which has undergone motion compensation (selected
on a macroblock basis), output from a motion compensa-
tion adaptive predictor 111 is encoded through a
discrete cosine transformer 113, dequantizer 114, and
20 variable length encoder 115. As a consequence, the
reference picture code stream 147 is generated. The.
reference picture code stream 147 generated in this
manner is output in a frame different from that of a
video code stream 137 as in the first embodimeht, or
25 output after inserted as additional information in the

frame of the video code stream 137 as in the second-

embodiment.




FIG 15 shows the arrangenent of a picture decoding apparatus according to
thi s embodi ment which corresponds to the picture encodi ngg appap@ us in
FIG- 14. A reference picture code stream 241 after 5 notion conpensati on,
which is demultiplexed fromthe input code streamby a header

denmul tiplexing unit 200, is a code stream obtained by encoding a reference
pi cture signal after notion conpensation, as described wth reference to
FIG 14. This code streamis decoded 10 t4& ough a variabl e | ength encoder
209, dequantizer 210, and inverse discrete cosine transfornmer 211. As a
consequence, a reference picture signal 244 after notion conpensation is

reconstructed. The FESONT 5 SdHdied ad, & eﬁffﬁ‘i&né’i{@té‘f e&E |gnal,. 244 after
10

notion 15 conpensation is input to a not conmpensat ion”  predi ctor 207

i nstead of a IJRBAMRMLAAU RS ddtditfing It tuAnd seeand bt s. For

exanpl e, when an error occurs, the notion conpensation predictor 207 can

out put’ the ref@renagondd RiLtME pSicdhale ?ef}fl:cﬁfitr@ SRR Gonpensat i on whi ch
is reconstructed in the above manner as a predictive picture signal 240
i nstead of i NG .nTt4.0n A eetfeir enicef @iRATIRN o3 atd-can efer ergepi cture

signal 239 from the frame nmenory 208. 25 According to this enbodi nent,
even whén a plodrigin topnglenseftaoancerbpiatt Ursesieand tiplbgeds €d owhithe some
mani pul ati ons are applied thereto, the reference '

: .input code stream by a header demultiplexing unit 200,
is a code stream obtained by encoding a reference
picture signal after motion compensatioﬁ, as described
with reference to FIG. 14. This code stream is decoded

10 through a variable length encoder 209, dequantizer 210,
and inverse discrete cosine transformer 211. As a
consequence, a reference picture signal 244 after
motion compensation is reconstructed. The recon-
structed reference picture signal 244 after motion

15 compensation is input to a motion compensation
predictor 207 instead of a frame memory 208 as in the
first and second embodiments.

For example, when an error occurs, the motion
compensation predictor 207 can output the reference

20 picture signal 244 after motion compensation which is
reconstructed in the above manner as a predictive
picture signal 240 instead of input motion vector
information 238 and a reference picture signal 239 from
the frame memocry 208.

25 According to this embodiment, even when a

plurality of reference pictures are to be used while

some manipulations are applied thereto, the reference




18 July 2006 27 picture signal 142 after notion conpensation is ‘encoded,
which is a predictive picture signal directly subtracted;ghpyyaoggbtracter
102, froman input video signal 132 after area segnentation.” The reference
5 signal 142 is used as a signal for restoration upon occurrence of an '
error. This nmakes it possible to solve the above problens. In many cases,
a picture franme subjected to predictive encoding is predictively encoded
while it is 10 selected whether predictiye encoding (I NTER node) is
performed on a macrobl ock (small area) basis or intra-frane encoding

(I NTRA node) is perfornmed. In this case, since there is no predictive

pi cture signal any intr ne-ﬁgcodeganacroblocks if a reference 15.

pi cture signajpiégBﬁ?pﬁfg%§f6Lé§f?5 I BAtiAReCRERERFALEBRt i8n my be
o cture code stPEaTes i ECEs T et B BEL BRI RECORER ot Fohm Do Lr RRETb1 ock
on & frame basT et (Foth Erbon SGrEy Chel P71 SFEYD ¥ HISRRoBI RNt have
exemplified tOpgcapeyhespidy viHen SOGACHETL]SnPOITRL L BYo R cOMDI nati on
. npensati on pr edi ction, disCrete cosi ne transtorm
quantizagion, &ghyRrigbles|efdihas a signal for restoration upon
occurrence of an error. This makes it poésible to
solve the above problems.
In many cases, a picture frame subjected to
predictive encoding is predictively encoded while it is
10 selected whether predictive encoding (INTER mode) is
performed on a macroblock (small area) basis or
_intra-frame encoding (INTRA mode} is performed. In
this case, since there is no predictive picture signal
in any intra-frame-encoded macroblocks, if a reference
15 picture signal is output as one frame, aﬁ unnecessary
portion may be produced. It is therefore possible to
select and store the reference picture code streams 147
- required for decoding operation on a macfoblock‘basis
as well as storing reference picture signals in the
- 20 frame memory on a frame basis.
{Fourth Embodiment)
The first to third embodiments have exemplified
the case wherein video encoding is performed by a
combination of motion compensation prediction, discrete
25 cosine transform, quantization, énd variable length

encoding. However, the present invention is not

limited to such an encoding scheme. For example, the




encodi ng. However, the present inventionis not |imted to such an _
encodi ng schenme. For exanple, the 18 July 2006 28 presentig nyeppagon can be
applied to next-generation encoding techniques such as wavelet encoding.
FI G 16 shows the basic arrangenent of a picture encoding apparatus which
is.generalized in considera- 5 tion of such various picture encoding
schenes. Referring to FIG 16, a picture encoding unit 1901 encodes an

i nput picture signal (mainly a video sigmad) 1931 using a reference
picture signal to output a picture code stream 1932. The picture encodi ng
unit 10 1901 may use any kind of encoding schene as long as it is a schene’

i f [t i I e nc icture signal, 1933 used b
Fﬁ;ngi 2t L(raeer gncodé)dn% %&E}f?r?t‘l%%i ?%ﬁe%%o%@df%%’fa@? AT T T encodi %g
uni-t 1902 and QI RS acref Giencs, Bl clUng oo go&ecééfrgf.m 1934. FIG 17

shows the basic arrangenent of a picture ecodi hg apparatus correspondi ng

to the picture encodsno@paRss Uend bEL R I8 odvirhel ahee BiEluLs, code
coded by

stream 2032 denul tipl exed froman input code 20 Streamis d a
reference pi ctawediecpdigithtitids Ww0zh A5 FAONSIEONRNGE, @dSlgRence

picture signal 2033 is reconstructed. A picture code stream 2031
denul ti §l exed tfiamathesudiputaciodes firdamd srdeeudef dBhemes.
Referring to FIG. 16, a picture encoding unit 1QOi
encodes . an input picture signal (mainly a video signal)
1931 using a reference picture signal to output a
picture code stream 1932. The picture encoding unit
10 1901 may use any kind of encoding scheme as long as it
is a scheme using a reference picture signal. A
- reference picture signal 1933 used by the picture
encoding unit 1901 is encoded by a reference picture
encoding unit 1902 and output as a refereﬁcé picture
15 code stream 1934,

FIG. 17 shows the basic arrangement of a picture
decoding apparatus corresponding to the picture
encoding apparatus in FIG. 16. A reference picture
code stream 2032 demultiplexed from an input code

20 stream is decoded by a reference picture decoding unit
2002. As a consequence, a reference picture signal
2033 is reconstructed. A picture code stream 2031
demultiplexed from the input code stream is decoded by
a picture decoding unit 2001. 1In this case, if the

25 reference picture signal 2033 reconstructed by the

reference picture decoding unit 2002 exists as a

reference picture signal, this signal can be used as




a picture decoding unit 2001. In this case, if the 25 reference picture
signal 2033 reconstructed by the reference picture decodigigiiinogs 2002
exists as a reference picture signal, this signal can be used as 18 July
2006 29 necessary. (Fifth Enbodinent) In general, when a reference picture
is encoded in the INTRA node, an error is produced between this 5 reference
pi cture and the original reference picture due to quantization. For this
reason, in encoding operation, the pictuyre encoded signal obtained by
conversi on/ encodi ng and quantization is used as a reference picture instead
of a reference picture signal 10 as a predictive signal. By transmtting
this signhal as nsgggééional reference picture encoded signal to the

decodi ng appafgiﬁ% side, a systemfree fromerrors due to quantization can
be reali zed. Q*ﬂgﬁhpqﬂﬁgggg{ nt invention in conbination with 15 a

f eedback i nformation %np enenting RTP (Real -tinme Transport Protocol)

or-the like, the eff&c#eﬁ)@rgﬂe w}pérg%ngef@y%q%%%;ie%%?ﬁ{%g&yﬁ%e%{ﬂ s is
&

because when error infornmation of a networ i on

side to the trapsnigSOMmddde ard ke 1dY ofs 20-dBid D KA s, Used as a

condition for determ ning whether or not to transmt additional

i nformasi on. Ilfeference picture and the original reference picture
due to quantization. For this reason, in encoding
operation, the picture encoded signal obtained.by
conversion/encoding and quantization is used as a
reference picture instead of a reference picture signal

10 as a predictive signal. By transmitting this signal as
an additional reference picture encoded signal to the
decoding apparatus side, a system free from errors due
to quantization can be realized.

By using the present invention in combination with

15 a feedback information RTCP implementing RTP (Real-time
Transport Protocel}) or the like, the effect of the
present invention can be enhanced. This is because
when error information of a network is sent from the
reception side to the transmission side, the infor-

20 mation can be used as a condition for determining
whether or not to transmit additional information. If,
for example, it is determined from RTCP that an error
‘has occurred, the reference picture code stream of the
next frame is transmitted to the reception side.

25 . Picture encoding and decoding in the present
invention ﬁescribed above may be implemented by

hardware,'or part or all of processing may be




for exanple, it is determned fromRTCP that an error has occurred, the
reference picture code streamof the next frane is transyg fieghdeo the
reception side. 25 Picture encoding and decoding in the present invention
descri bed above may be inplenmented by hardware, or part or all of
processing may be 18 July 2006 30 inplenented by software using a conmput er.
Such software (conputer program} may be distributed upon being recorded
on a recording nmediumsuch as a sem condygtor menory or CD-ROM or can be
distributed -5 through a transm ssion nedi umsuch as a radio channel or

W re. As descri bed above according to the present invention, the recovery
abi ity upon 0Ge ce(gf an ﬁrror can, be |q£rov d wi t hout any

deterioration | SRS ST ETTS cfehey . @ i%% on,>Fribcessi ng

t hi L1, d t.. the. t f
\emnco:jinngnvm'elnf I m nat e éhl eces?pl[(§e I{lngm fora laStaH c%tﬁe%d“ll rreé-b?rpl i cated
processing at Bé’lﬁlélf@:oﬂie& rcﬁpsémlse%ml ({ hde kselc This Jrekes it

possible 15 to construct a sinple picture transm ssion receptl on system

[ ndust i al Appldrgabiddddotois ety dasaiabed AP od e o dasang odi ng

and decodlng apparatuses according to the present
‘5 through a transmission medium such as a radio channel

. Oor wire.

As described above, according to the present
invention, the recovery ability upon occurrence of an
error can be improved without any deterioration in

10 transmission efficiency. In addition, processing
| within an eﬁcoding framework and preparing all data at
the time of encoding will eliminate the necessity to
perform re-encoding, complicated processing at the time
of transmission, or the like. This makes it possible
15 to construct a simple picture transmission/reception
system.
Industrial Applicability
As has been described above, the video encoding

and decoding apparatuses according to the present

20 invention can be used for a system designed to
compression—encode pictures in a small information
amount and transmit or store the resultant data in a
videophene, video conference system, portable
information terminal, digital video disk system, and

25 . digital TV broadcasting system.




20 invention can be used for a system designed to conpression-encode
pictures in a small information anount and transmt or si®Rgybdws resultant
‘data‘in a videophone, video conference system portable information
termnal, digital video disk system and 25 digital TV broadcasting system
18 July 2006 31 CL Al MS 1. A picture encoding nethod conprising: a -
first encoding step of generating a video code stream by encoding a video
signal using a reference 5 picture signal3l a second encodi ng step of
generating a reference picture code streamby encoding the reference
picture signal; and a multiplexing step of generating an output code 10
stream by nul tiplexing the video. codg gtreanmywsth the reference picture
code stream 2. A picture encoding nmethod according to claim1, wherein the

first encoding stepistofesi@thesabncl@eRgane PisH UGSt ghdhggenerated in a
process of 15-encoding the video signal in a frame nenory,” and the second

encodi ng step encodesfihet reies@Nee Ptep WL gSidntingad Pided rind he frane
menory. 3. A pictureencodi ng nethod according to claiml1l or 2, wherein the
reference pi ctafrmessi gnalencodiorgred video signal using a reference

5 picture signal;

a second encoding step of generating a reference
picture code stream by encoding the reference picture
signal;.and

a multiplexing step of generating an output code

10 stream by multiplexing the video code stream with the
- reference picture code stream.

2. A pictufe encoding method according to
claim 1,'wherein the first encoding step stores a local
decoded picture signal generated in a process of

15 encoding the video ‘signal in a frame memory, and the
second encoding step encodes the reference picture
signal read out from the frame meméry.

3. A picture.encoding method according to claim 1
or 2, wherein the reference picture signal is formed

_20 . from a plurality of picture signals obtained by
subjecting the encoded moving picture to a local
decoding. |

4. A picture encoding apparatus comprising:

“means for receiving an input video signal;
25 first encoding means for encoding the video signal
by using a reference picture signal to generate a video.

code stream;




20 froma plurality of picture signals obtained by subjecting the encoded
moving picture to a |ocal decoding. 4. A picture encodi ng RPPROGH US
conprising: .neans for receiving an input video signal; 25 first encoding"
means for encodi ng the video signal by using a reference picture signal to
generate a video code stream 18 July 2006 32 second encodi ng neans for
encodi ng the reference picture signal to generate a reference picture code
stream and nul tipl exi ng neans for nultipg>exing the video code 5 stream
and the reference picture code streamto generate an output code stream

5. A picture encodi ng apparatus according to clain14 mherein the first

encodlng nmeans i ncl ich sto ocal decoded

pi cture 10 signal g%%%?% eoﬁé(ﬁg]gn%cess\l\% 1:e‘?ﬂ:(f)o \/’f%%%r I%‘f‘at;;nal as
t he reference , 0 0] odes t he
reference pi ctrgire Si g read&lcqrﬂetﬁ fahr}%ri;eg%gj%e%y % p| cture

encodi ng appargtus, accgigling to 15 cIa|n14 or 5, wherein the reference
picture is formed froma plurality of pictures obtai ned by subjecting the

encoded noving pi Ctiphi Br {191 & 1105 Fhe AL O NGrultiplexing the video code

5 stream and the reference picture code stream to
generate an output code stream.
5. A picturefencoding apparatus according to
claim 4, wherein the first encoding means includes a
frame memory which stores a local decoded picture
10 signal generated in a process of encoding the video
signal as the reference picture signal, and the second
.encoding means encodes the reference picture signal
read ocut from the frame memory.
6. A pictureiencoding apparatus according to
15 claim 4 or 5, wherein the reference picture is formed
from a plurality of pictures obtained by subjecting the
encbded moving picture to a local decoding.
7. A picture‘encoding apparatus according to

claim 4, wherein the first encoding means includes a

20 frame memory which stores a local decoded picture
signal generated in a process of encoding the video
signal as the reference picture signal, and motion
compensation means for subjecting to motion compensa-
tion the reference picture signal read out from the

25 frame memory, and the second encoding means encodes the

.referenCe picture signal after motion compensation by

the motion compensation means.




. 7. A picture encoding apparatus according to claim4, wherein the first
‘encodi ng neans includes a 20 frame nenory which stores ajg ngaboggecoded
pi cture signal generated in a process of encoding the video signal as the
reference picture signal, and notion conpensation neans for subjecting to
moti on conpensa- tion the reference picture signal read out fromthe 25.
frane nmenory, and the second encodi ng neans encodes the reference picture
~signal after notion conpensation by the gmtion conpensation neans. 18 July
2006 33 8. A picture encodi ng apparatus according to claim4, wherein the
~mul tiplexing means includes first determ ning nmeans for determ ning whet her
or not the input cgde st n{ ai_ni the video code 5 . stream and the
ref erence picture cgde étég§ﬁ$?§ %ﬁ%Odggge?%%%ﬁa P2t arectdiBdstPeam second
determ ning ne o for, L. i 1 i erm nes that
t he i nput codeég%%%aﬁﬂf%ﬂéﬁé}égﬁgééﬁgét %%%gg?é%%ggggﬁi%gﬁée%eternining

whet her or not to opfpyf a@@eéﬁiﬁﬁﬁsrﬁ@&ﬁspf&fucﬁﬁt&mfnfﬁgeﬁ tﬁ%‘f’ gutput

~means for outputting the input code stream as the output code streamin

accordance Wi tfiot hensenaned dederdi fadh Aodesitling knd P&t &glecodi ng
met hod conprising: 15 a step of receiving an input code stream
-5 stream and the reference picture code stream is the
reference picture code stream, second determining means
for, when the first determining means determines that
the input code stream is the reference picture code
stream, determining whether or not to output the
10 rreference picture code stream, and
| output means for outputting the input codé stream
"as the output code stream in accordance with the second
determination result.
9. A picture' decoding method comprising:
15 a step of receiving an input code stream
| containing a video code stream obtained by encoding a
video signal and a reference picture code stream
obtained by encoding a reference picture signal;
a first decoding step of decoding the reference
20 picture code stream contained in the input code stream
to generate a first reference picture signal; and
a second decodiné step of decoding the video code
stream contained in the input code stream by selec-
tively using one of a second reference picture signal
25 obtained from a reconstructed picture signal and the
first réference picture signal to generate a playback

picture signal.




containing a video code stream obtai ned by encoding a video signal and a
reference picture code stream obtained by encoding a ref g8 RING200H Cture
signal ;- a first decoding step of decoding the reference 20 picture code
stream contained in the input code stream to generate a first reference
pi cture signal; and a second decoding step of decoding the video code
stream contained in the input code stream by selec- tively using one of a
second reference picture signal 25 obtairmad froma reconstructed picture
signal and the first reference picture signal to generate a pl ayback
picture signal. 18 July 2006 34 10. A picture decoding nethod according to

claim9, whereiq 2?3%&1&@%?&;&%% gna é)re Cc%lh&ngo back picture

signal as the second r rence picture ores flrst

reference pi CtUr g SigNaind b ad asrgcmé/cdo q%e%]‘%gei ¥ ct ure fleo code

stream by selectively reading out the seco S|gnal and

the first refegnengcwigtang Signtall ramihe sddH®e redidhcd bi ALt ure
~decodi ng nethod according to 10 ¢ a|n19 wherein the second decodi ng step

includes a steprefl shel iNgide fHayhack pdtdia s gﬂ tase tdiggnsieqend
reference picture signal in the frame nenory, and decoding the video code
strean1ﬁy repbmﬂngmdﬂmfmory, and decodes the video code stream by
| selectively reading out the second réference picture
signal and the first reference picture signal from the
frame memory.
11, A picture decoding method according to
10 claim 9, wherein the second decoding step includes a
step of storing the playback picture signal as the
second reference picture signal in the frame memory,
aﬁd decoding the video code stream by replacing the
second reference picture signal stored in the frame
15 memory with the first reference picture signal.
12. A picture decoding apparatus comprising:
input means for receiving an input code stream
containing a video code stream obtained by encoding a
video signal and a reference picture code stream
20 obtained by encbding a reference picture signal;
| first décoding means for decoding the reference
picture code stream contained in the input code stream
to generate a first reference picture signal; énd
- second decoding means for decoding the video code
25 stream contained in the input code stream by selec-
tively using one of a second reference picture signal

obtained from a reconstructed picture signal and the




second reference picture signal stored in the franme 15 nenory with the
first reference picture signal. 12. A picture decodi ng appailaRoss
conprising: input nmeans for receiving an input code stream containing a
vi deo code stream obtai ned by encoding a video signal and a reference

pi cture code stream 20 obtai ned by encoding a reference picture signal;
first decoding neans for decoding the reference picture code stream
contained in the input code stream to geyxwrate a first reference picture
signal; and second decodi ng neans for decodi ng the video code 25 stream
contained in the input code stream by selec- tively using one of a second
reference picture signal obtained froma reconstructed pjcture signal and
the 18 July 20%%r%% %?f%%e?%?eQ%%g%r%i%%%P%st%n%?n?BaB%ntP%IQQQ pf ayback
pi cture signal.: i e decodi ng apparatus according to claim12,
wherein the s dﬁ%?%é%%%?%giheans includes a 5 franme nmenory which stores

the playback pictu# Siﬁ”[?l?%ré @Eé&fﬁ}?eééégfgﬁgga%%gﬁ%%ﬁi al,

together with the first reference pic gnal s the video
code stream by-eiiects valyer&adi fige Wlcde S0 g rﬁéﬂ;@nﬁ&m&éy? si gnal
and the first reference 10 picture signal fromthe frame nmenory. 14. A

pi ctur e glecodi MGmePRRERd kg ACLER BidrdD the playback picture signal
| : as the second reference picture signal, together with
the first reference picture signal, and decodes the
vidéo code stream by selectively reading out the second
reference picture signal and the first reference
10 picture signal from the frame memory.

14. A picture decoding apparatus according to
claim 12, wherein the first decoding means generaﬁes
the first reference picture signal by decoding the
reference picture code stream after motion compensation

15 which is contéined in the input code stream, and the
second decoding means includes a frame memory which
stores the playback picture signal as the second
reference picture signal, and motion compensation means
for subjecting one of a second reference picture signal

20 read out from the frame memory and the first reference
picture signal to motion compensation.

15. A picture decoding apparatus accerding to
claim 12, further comprising first determining means
for determining whether or not the input code stream is

25-'_ .the.reference picture code stream, second determining
means for, when the first determining means determines

that the input code stream is the reference picture




claim12, wherein the first decodi ng neans generates the first reference
pi cture signal by decoding the reference picture code St{@ﬁﬂyg@mpr not i on
conpensation 15 which is contained in the input code stream and the
second decodi ng neans includes a frame nmenory which stores the playback

pi cture signal as the second reference picture signal, and notion _
conpensation neans for subjecting one of a second reference picture signal
20 read out fromthe frame nenory and thegdirst reference picture signal
to notion conpensation. 15. A picture decoding apparatus according to
claim 12, further conprising first determ ning nmeans for determ ning

whet her or not_the H%$Ut coeﬁﬁftneanlis 25 the reference picture code

stream  second dét &t Tt g ans ot %‘W%éﬂ% it IR dd reans
det erm nes ”}aetféﬂe%d e[%_tctqﬁ%e St eg%r? :esaﬁrh%£zig%n§'e Elni:qt‘?g{seréﬁe‘] uly

2006 36 code stream erm ning rence

pi cture code ﬁé&ﬁfﬂ%ga%edﬁ%ﬁng:itn%o%a%scrfe%ﬁn iq]ecaoqdcitor}%g}nr%ge iw'ral%p%it Ctg’lo?(r:l: stream

in accordance with the seco determnati on rTesu

decodi ng apparidéh A edhi% a9 onCh@lsPk2, wherein the second decoding
means includes a franme nenory which stores the playback picture signal as

the secend referenee pircipi@usedtidicoBt d95RAe% e W EBALde stream by

repl aci ng the second reference
L . claim 12, wherein the second décoding means includes a

frame memory which stores the playback picture signal
as the second reference picture signal, and decodes the
video code stream by replacing the second reference

10 picture signal stored in the frame memory with the
first reference picture signal.

17. A program for causing a computer to execute
picture encoding processing of encoding an input video
signal, the program causing the computer to execute:

15 a process of generating a video code stream by
encoding the video signal using a reference picture
signal;

a process of genefating a reference picture code
stream by encoding the reference picture signal; and

20 , a process of generating an output code stream by
multiplexing the video code stream with the reference
plcture code stream.

18. A program for causing a computer to execute:

‘a process of receiving an input code stream

25 -coﬁtaining a video code stream obtained by encoding a
video signal and a reference picture code stream

obtained by encoding a reference picture signal;




10 picture signal stored in the frane nenory with the first reference
picture signal. 17. A program for.causing a conputer to eﬁggﬂygompicture
encodi ng processing of encoding an input video signal, the program causing
the -conputer to execute: 15 a process of generating a video code stream by
encodi ng the video signal using a reference picture signal; a process of
generating a reference picture code stream by encoding the reference
picture signal; and 20 a process of genefating an output code stream by
mul ti pl exing the video code streamwi th the reference picture code stream
18. A program for causing a conmputer to execute: a process of receiving an

i nput code stream 25 containin g.vigeo code stream obtained by encoding a
vi deo signal and a ¥ é&fEtent? %gc TredtRYetRe r BRhTE BRTRI PRETBYS R ng a

reference pictyre signal,; .18 Jul 006. 37 a process of decoding the
ref erence pi ctsﬂreeaérb TR lrréea%%}o/n%ﬁ P ‘tp i TR defe 8% & &

generate " firsdt: [ ctur i | . and a process of decoding the
iat co%ﬁetrgc%engg“ [ nﬂ%gsall put’ caor%fie)

vi deo code stream a pu stream by sel ectively

using one of a secondyafer eI HE SHINH aoPtalpeds{ rom

| 5 contained in the input code stream by selectively using
one of a second reference picture signal obtained from
a reconstructed picture signal and the first reference
picture signal to generate the playback picture signal.
19. A video code stream obtained by multiplexing a
10 video code stream obtained by subjecting an input
signal to motion compensation predictive encoding and a
reference picture code stream obtained by independently
encoding a reference picture signal used for the motion

compensation predictive encoding.




a reconstructed -picture signal and the first. reference picture signal to
generate the playback picture signal. 19. A video code St[@ﬁﬂ}g@m@jned by
multiplexing a 10 video code stream obtai ned by subjecting an input

signal to notion conpensation predictive encoding and a reference picture
code stream obt ai ned by independently encoding a reference picture signal
used for the notion conpensation predictive encoding. ABSTRACT This
invention includes a video encoding unit 3g(101 - 112) which creates a video
code stream (137) by encoding an input video signal (131) by using a
reference picture signal (141), a reference picture encoding unit (113 --
115) which creates a reference pigctur e, stream (147) by encoding a
reference picture signal (141), Jﬁdyé?ﬂﬁﬁgr%lékfng unit (117) which
creates an out put e st 49)_ by | tiplexing the videq .code stream
(137) and refer encgl%dipsl CJTI{J‘I’?%{@C%%IG l)sr_fc?leua S(ﬁl?‘ﬁa(eo genmdmg ithit _

{101 - 112) which creates a video code stream (137) by
“encoding an input video signal (131) by using a

5 reference picture signal (141), a reference picture
encoding unit (113 - 1135) which creates a reference
picture code stream (147) by encoding a reference
picture signal (141), and a multiplexing unit (117)
which creates an output code stream (149) by

10 multiplexing the video code stream ({137) and reference

picture code stream (147).




