18 July 2006 1 DES CRI1 P T 1 ON PICTURE ENCODI NG METHOD AND APPARATUS
AND. - PI CTURE DECODI NG METHOD AND APPARATUS Techni cal Fi el g hire200@sent
invention relates to a picture encoding technique of conpression-encoding
a picture in a few nunber of bits and a picture decodi ng techni que 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 schenme, subband encoding schenme, pyramd
encodi ng schene, and 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




18 July 2006 conbinations thereof. The follow ng are defined as
~international standards for video conpression encoding: {SQWESsel, MPEG 2,
MPEG 4, |TU-T H 261, H 262, H 263, and the like. 5 All these schenes are
conpr essi on encodi ng schenes based on a conbinati on of nption conpensation
adaptive prediction and discrete cosine transform which are described in
‘detail in reference 1 (Hroshi Yasuda, "MPEG International Standardization
~of Multinedia 10 Encoding”,. Maruzen) and the like. A conventional picture
encodi ng/ decodi ng apparatus has the follow ng problens. First, in a
comuni cation path with the possibility of being mxed with errors, such

as a radio co jcatjon pa erfornming only 15 encoding will lead to
consi der abl e ggy@#?%?%%?%ﬁ %Hérgggodeghﬁig?h}@whﬁalﬁf? dedAnedcasr ence of
an error. \We . r<kn. .signals such as a sync signal, node
information, an €%%?%§%8§%gt%FaF%?5$ﬂa Ponvidee GaFPresFapn pheediraqual ity
noti ceably dete&d oha; 2( ond, 0. nptigp. conpensati on adaptive

predi ctive ‘encodi ng Egideld %oée%icﬁc}t lﬁﬂe&e%o i gf‘T gﬁliﬁlt'hé{tﬁqa‘ferfbr?@r

bet ween framesza$ ©€odee. For this reason, if an error occurs, the
corresponding frame fails, and an erroneous picture is stored in a frame

i Cture, and Lhe restdual orror e ouey R e A tRoErarTeRenes 4
consequence, ewered forsubsegueiiation 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 erroneocus

picture, and the residual error is added to the

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




18 July 2006 3 frames are properly decoded, proper pictures cannot be

obtai ned fromthe subsequent frames unless information i $gsgpbodd an
encodi ng node (1 NTRA node) of encoding pictures only within frames w thout
using the 5 differences between the frames or the influence of the error
gradual ly. wanes to restore the original pictures.. If 1-frame information
is lost due to an error, the second frame is not decoded at all, and, for
exanple, the first frame is directly outpwt. At the 10 third frame, a
residual error which allows proper decoding only when it is added to the
second franme is added to the first frane. As a coPsequenﬁe, t he thl_rdt
frame is decod i At.0 pi 0 i ffer rom the proper. picture.
Subsequent | y, ?gg?gﬁaﬁggrpgpggg}g ?gkgéggd F%O%%%nglﬁﬁgfﬁfeggn_§g|B§IIy,
therefore, fheob@éiﬁédd9§§mn956dbﬁBQQEaEntaEgaﬂ%QpEBIQESOQﬁggglg%g;gs
cannot be played back. In order to sol've this problem "i'n %_l Cart,
techni que cal | ed 3egtreshini sneeAeha! h¥adSedNTRA %Bd@/@'-\‘c}ﬁ Sﬂe&‘i‘igg is
performed in the INTRA node in a predeternined cycle. en encodrng is
performed in thecthMNERAonDgewishiaertbReBUNREROAE GQ4YRE PhLS increases,
the quality of a picture without any error greatly deterloratesh For this
reason, & periadifereficeshb@bweethbtle ofréhes| bkethe tsvalib¥caset, tibi ch

refreshes several macrobl ocks per frame instead of refreshing an
: erroxr .gradually wanes to restore the original pictures.

a

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 differenf from
the proper picture. Subsequently, residual errors are

15 addéd to wrong pictures. Basically, thereforé, the
error does not disappear, and proper decoded pictures
éannot.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. 1In this periodic refresh method,




entire frane at once. In this periodic refresh nethod, 18 July 2006 4
however, al though an increase in the nunber of coded bitp@g@@2@@5
suppressed; a long period of time is required to recovér a normal state.

O her neasures against errors include a neasure.-of 5 using .error correction
codes. Al though this scheme can correct errors that occur randomy, it has
difficulty 'in coping wwth errors of several hundred bits that
consecutively occur in a burst manner. Even if the scheme can cope with
such errors, considerable 10 redundancy occurs. Techni ques have been
studied to receive error information and the |ike about a network froma

t d ad I t r.or._infor ion and the I|ike on the
Shrver s de. MAPREYEYY, RISEERAN' IR ShLoal R IR Pk RyERe L0 Fechaa or

perform ng re-gpegdipg HROY pon_of _errar inf.or Lon or swtching a
plurality of files. In thigpgggﬁggé'tﬁeﬁgg ngrgggdgg?%lﬂgvésan encodi ng

function and aré@ﬂ@&é@nt@frééapéfvslMorﬁﬁﬁtgﬂggg.a plurality of files,
resulting in extra 20 processing. As descri bed above, according to the

" convent i onal pictuoeheﬂcmdhagrégcaghﬂﬂg%,e&9%§s0&nbmﬁ8£”§tﬁ§§sﬁ98 oF0 an
error causes a great deterioration in picture quality. In addrtion, a
techni gie suchusbng her peri coli ce@bi sef £6a6s Tt ROEhOhgk CGONSt LMSEHEan

information | ost due
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




to an error requires a long period of time to achieve error recovery in
consi deration of the encoding 18 July 2006 5 efficiency. ﬁpgg§g@ypg t he
time required for recovery wll increase the nunber of encoded bits to
result in a deterioration in encoding efficiency. D sclosure of Invention
Exanpl e enbodi nents of the present invention may provide a picture
encodi ng net hod and apparatus and a picture decodi ng nethod and appar at us
whi ch can quickly recover froman errors even if information is lost by the
error, exhibit high encoding efficiency, and need not perform any
re-encodi ng. According to a first aspect of the present invention, there
is provided a picture encoding nethod conprising: a first encodi ng step of
generating a sftedecgsde Sordamiby dmecodiine arvirderedi gaal uesiongry
reference picture . signal; a second encoding step of generating a reference
pi cture code trleaiIFaafc b8P ngUrPRr rof e? RS PAftar &€° FEgRAF; 13n8 a

mul tipl exing step.of generatin n_out put .code streamby nultiplexing the
vi deo code sté%%ﬁ%%ﬁfﬁ The F@%@?éﬂ%e?{#%ﬁﬁﬁpgyCode stream According to a

second aspect of the present inpyention.. therg Ls, pyovided a picture
encodi ng apparatus conprising: neans for receiving an input video signal;

first encoding meaps,fif eRcQdiG ke~ dg0 $rgBahte bYinyehPfod mh§f €rence
picture signal to generate a video code stream

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




second encodi ng neans for encoding the reference picture 18 July 2006 5a
signal to generate a reference picture code stream and {Rihfiy Pdggxi Ng means
for multiplexing the video code stream and the reference picture code
streamto generate an output code stream 18 July 2006 6 According to a
third aspect of the present invention, there is provided a picture
decodi ng nethod conprising a step of receiving an i nput code stream
containing a video code stream obtai ned bysencoding a video signal and a
reference picture code stream obtained by encoding a reference picture
signal a first decoding step of decoding the reference picture code stream
contained in the input code streamto generate a first reference picture
signal, and asismedndodenudirage skepedtremec aeligigireheogededreade shdt eam
contained in the input code stream by selectively using one of a second
reference piTHEEBLSf GaImgBe af B dFHoM1gx1%E ot r ikdesd 196t Bt&=38j gnal and
the first reference picture signal to generate _a playback picture signal
Accor di ng to T 6t REHESEEE BICTHE BPasertoanberdTHact Hél @5E pr ovi ded a
pi cture decodifjd gpparatus conprising input means for receiving an input
code stream containing a video code stream obtai ned by encoding a video
signal and a reference picture code stream obtai ned




by encoding a reference picture signal, first decoding neans for decoding
the reference picture code stream contained in the input;g 283 eam to
generate a first reference picture signal, and second 18 Ju 2006 7
decodi ng nmeans for decoding the video code stream contained in the input
code stream by sel ectively using one of a second reference picture signal
obtained froma reconstructed picturqisignal and the first reference
picture signal to generate the playback picture signal. According to a
fifth aspect of the present invention, there is provided a programfor
causing a conputer to execute picture encodi ng processing of encoding an
i nput vi deo signal pcthediOgr#aMm caustiigrd heaGaut &f t GcheeXxgdls@nta process
of generating a video code stream by encoding the video signal using a

ref erence pi ciuwventsiaggnaltheare prsocessrigiedgenepatting alemfdéngne@tpiodt ur e code
stream by encoding the reference picture signal; and a process of

gener ati ng anceRPRIGode Stteear®by rREELYPrexidRg tHtyi geee E6de2ast r eam
with the reference picture ggde stream According 2? a sixth aspect of the
present i nveRPPoH P Her®e VL9 ofPPedSEEPFBgPRRF 7Y cBlisPRGCY "Eoftput er to

execut e: a PrOEEss SluLIoely N9 AL LAReollEo oI gal cont g g Vi deo

code stream obtal hed “pby encodi | st gnal "and”a reference picture
~code stream opf abReshidy £LNeodinag 8 b&ewf@nsf?xmlcwrﬁ@g@r@dodanerocess of

decodi ng the reference picture code stream contained In the

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




i nput code streamto generate a first reference picture signal; and a
process of decoding the video code stream contained in thenippdbs code
stream by sel 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 playback picture signal
According to a seventh aspect of the present invention, there is provided
a video code streamobtained by multiplexing a video code stream obtai ned
by subjecting an input signal to notiofd conpensation predictive encoding
and a reference picture code stream obtained by independently encoding a
reference picture signal used for the notion conpensation predictive

encodi ng. Brief scription of. Drawings. FIG,_. 1 is.a block, diagram show ng
t he arrangeneﬁ?cgékn%a[ﬂﬁﬁpﬁref8ﬁco§%%%§ aﬁﬁFﬁsvé§88rd??@FtCJ T i r st

enbodi ment of Lhe, Iesant (v eNlhanicddGoi2oba Beblsaskopl AgATSH ng the
I Cnh a header

arrangenent of a picture encodi'ng apparatus to

nul tiplexing ypétopnd SQMNOlrelBrbnas epattdad a¢eal dbpaimed thenf ia st
enbodinent; FIG 3 is a view for explaining an exanple, of the data

structure of acphrdtitnetassocicaieed peLinhsdN @hdt hehe Outipdt CHeLesidc@am out put
fromthe picture encoding apparatus according to the first enbodi nent;
FIG 4 is a vihesrwitowiggahntexsmpliratef thdeolayback 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




structure of a frame header code stream of the output code stream out put
fromthe picture encodi ng apparatus according to the firsgg ngebosy nent; 18
July 2006 7b FIG 5 is a block diagram show ng the arrangenen of a

pi cture decodi ng apparatus according to the first enbodi ment of the
present invention; FIG 6 is a view show ng a prediction structure for
predictive encoding; FIG 7 is a view showi ng error propagation due to 8
predictive encoding; FIG 8 is a view for explaining a nethod of coping
with an error according to the first enbddinent; FIG 9 is a block diagram
showi ng the arrangenent 5 of an output determning unit for a reference
picture code stream according to the first enmbodinent; FIG 10 is a bl ock

diagran1shomﬁn% th arrangenent of _a _decodi erati determ ning unit
YeCcongrruc

g 0
for Jdecoding 4cParaREhen LIPS cBUE Sk r At achor dFig ko FHE-PIISE 10
enbodi ment ;. FlGr Ll %§gr?alblt80<5erfgrﬁgéal{ﬂes?9w&%kt D@t al nt of a
pi cture encodi ng apparatus according to the second enbodi nent of the
present invention; AdckGrdidyi St W ewWesBavhnGadhw-tdald sthuct presaft a 15

pi cture-associ ated portion of the output code stream output fromthe
pi cture. encodnmgniappar atheseadeopdongjdéd a video 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;




t he second enbodinent; FIG 13 is a bl ock diagram show ng the arrangenent
of a picture decoding apparatus according to the second 28igybeg§ ment of
the present invention; FIG 14 is a block diagram showi ng the” arrangenent
of a picture encodi ng apparatus according to the third enbodi ment of the
present invention; FIG 15 is a bl ock diagram show ng the arrangenent 25
of a picture decodi ng apparatus according to the third enbodi nent of the
present invention; FIG 16 is a bl ock diagram showi ng the arrangenent 18
July 2006 9 of a picture encoding apparatls according to the fourth

enbodi nent of the present invention; and FIG 17 is a bl ock diagram

show ng the arrangerrent of a pi cture decodi ng apparatus according to the

f th 5 enbodi t B de f Ca Qut
he I nvent i on - (Fi FA8° Efboai Romipk Bo4rSholleotha (AE) %ra‘?’lﬁ%%e%{%'n?gof a

picture encoding ﬁ%@h?&“ﬁe (glq{gd 5[1% ?t'%%la&é%a i digment-qf . 10 the

present invention. "An I nput Vi into a pI urality

of predeterm pglo@RAT bl She PredBnal H&rendiivhder 101 and then subjected to
the foll owi ng noti on conpensati on adaptive prediction. A notion conpensa-

15 tion adaptive predi ctotislilviekeshSwihgd ™y | Predieetion 3dducture

for predictive encoding;

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




bet ween an input picture signal 132 and a reference picture signal 141 of
the previous frame which is 'stored in a frame nenory 1101 gy hegs al r eady
been encoded and subjected to a | ocal decoding. Mtion 20 conpensatlon is
perforned for the reference picture signal 141 by using this notion
vector. This generates a predictive picture signal (the reference picture
signal after notion conpensation) -142. The notion conpensation adaptive
predictor ill selects a suitable 25 predigti on node of the notion
conpensation prediction node and the intra encoding (predictive picture

si gnal 0) node using t he inpUt picture signal 132 for 18 July 2006 10

encodlng mﬁthgﬁ; éﬁ' outputs the predictive picture signal 142
corresponding to t e s ecte ‘edi ction node. A subtracter 102 subtracts

the predictive p| Ctpf®, & 54 wali hfZedys %ﬁ%ﬂﬂp t, &t 2 and

outputs a predictive residual error sig e pre |ct|ve residua

error signal 13%H srsuhjrst et ddrqidip H Ll L£asing té@%ﬁ%@ﬂw) for each
bl ock having a given size in a first discrete cosine transtormer 103. 10

DCT coefficients 13mbtaiinec midde difprai eski—‘&ﬁrﬂ% tHd ansf B Jammdf
guanti zed by a second quantizer 104. A flrst vari abl e | ength 'encoder 105

encodes 5quant iofe inDOTit pexe ffel ted renitns i3 mntia dtraian re ARAEEeRetfiicahart code
stream 136. A mul tipl exer 106 nultipl exes the DCT
code stream according to the first embodlment,

FIG. 10 is a block diagram showing the arrangement
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




15 coefficient code stream 136 with a notion vector code stream 144

obt ai ned by encoding notion vector information using a Segpnglougy i abl e

| engt h 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
dequanti zer 107 and then subjected to an inverse discrete cosine transform
(inverse DCT). An adder 109 adds an output 139 from an inverse cosine’
transforner 108 to the predictive picture9ignal 142 to 25 generate a | ocal
decoded picture signal 140. The |local decoded picture signal 140 is stored
as a reference picture signal in the frane menory 110. 18 July 2006 11 The

ref erence pi ctefeashopehrdddnebding RESYEQHSs EE@B?d?H&pEEt themeLne.frame

menory 110 is encoded by a reference picture encoding unit conprising

bl ocks = denot eslibydteéet eneet Rempraksnd18ntentidn;: Mprg 5 specifically, the
reference picture signal 141 is input to both the notion conpensation
adaptive predictor EIG. aRdithe BEGGnddﬂhgeaﬁtshéﬂﬁhﬁethéaa§iﬁﬁ§8heﬂ%3- I'n
the second discrete cosine transformer 113, the reference picfure signal
141 is subj ect®d a cehctiserdeeodosg nepddrstansiocor {DGF) £ orheachuptiock
having a predeterm ned size. The second quantizer 114 quantizes transform
coef ficients 1Mpbingned bythdinrepentatimnenthenthird variable | ength

encoder 115 encodes the quanti zed
. _ _ 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 en;oding {predictive picture

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




transform coefficients. A code stream (to be referred 15 to as a reference
pi cture code stream hereinafter) 147 obtained by the thi jgryanp@p! e | ength
encoder 115 is output as a frame different fromthe video code stream
137. FIG 2 .shows an arrangenent equivalent to that 20 shown in FIG 1
which additionally includes a header multiplexing unit 117 for adding
frame headers. A control unit 116 nmanages the overall operation of the

pi cture encodi ng apparatus. In this case,16n particular, the control unit
116 sel ects, for exanple, 25 either the encoding node of outputting only
the video code stream 137 or the encodi ng node of outputting both the"

vi deo code st r&arsdi3y. r r pi C e y..2006 12 code stream
147. The contrOI'unitg?@%t%?gg gégefgﬁg%@h é#éaﬂégﬁégéng%oﬁﬁe 1T eh¥s 148.

The header nulgidgphexd ngi gl 1144 7 9LAEEEL 65130 oyt eam 149 by
mul tipl exi ng the video code strean1137}§%ef%$%nce EH%i%?g§%§%%de stream

147, and franmpihehderiodenddream 148. The output code stream 149 is sent
out to a transm ssion systemor storage system (not shown) FIG 3 shows

the data structure Rfsubipiattee-10ssoshat£6t POoFké Oprofi LhevOUs put, code
stream 149 output 10 fromthe picture encoding apparatus in FIG 2. In the
convent ifonal @Ficmale léic dtiony tHppamaius piactnefersigenl pi 34 iRy i gnal is not
encoded, and only an input _ :
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.




video signal is encoded. For this reason, a picture-associated portion of

t he out put code stream 15 149 has a data structure fornedid yayposd y the _
video  code stream 137 (... Frame #n, Frane #n+l1l, Franme #n+2,  ...) of each
frame like that shown in FIG 3(a). In contrast to this, in the picture
encodi ng apparatus shown in FIG 2, as shown in FIG 3(b), the reference

~ 20 picture code stream 147 (Ref-Frame #n+l) in an arbitrary frane, e.g.,
the (n + 1)-th frane, is inserted beforethe (n + 1)-th frame (Frane #n+l)
in the. video code stream 137. As a consequence, the franmes are S
mul tiplexed to generate the output code 25 stream 149. In contrast to the

h in FIG ence, pipcture 4 ma e inserted after -
f ﬁZelé \(J)\ltlvlnyl 2006 13’3'?%)§e%£§{‘18%r %r%t‘(%i%ﬁ.lgﬁ% Zgﬁsﬁ%m@“%rﬁ’%&‘&ﬂ% of the
tructure of t r gy cage 48 co ined in the output
zode stream 14%%%%5 t he Lhr?g & 1nforma |%Iﬁ@o%é[‘%%ycg%€ 5 sﬁq%ﬁiﬁ‘f‘ﬁ%-?ype
(picture typek ifnmldonsrdelidebaids &l Cluie-LyRe (R RG ure IS
pe o rerer

separately defined, which is the frane nce Cdfsct ure code

stream 147 unidgu Hedl tHy} Sreemdiadi d Humd M Beldi 14 Oib to 5 gengfal | -Picture,
P-Picture, and B-Picture. Another 10 nmethod nay be used to recognize the
referende pi cispreei e 1st,r ean Mterbis gr@ifedyms dascridhed Aove
' 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




can be obtained by this nmethod. Wth regard to a Tinestanp indicating the
display tine of a frame or the like, it is preferable tojdpgesssibe in an
R-pi.cture the Tinmestanp of a frame using this, i.e., the Tinestanp of the
next frame. Assunme that the reference picture code stream 147 is omtted
due to an error or a frame using the reference picture code stream 147 is
omtted due to an error. In this 20 case, such a Tinestanp is effective
information to identify the association jgetween the frame and the
reference picture code stream 147. In addition, using the same code stream
structure as that of a general frame elimnates the necessity of a special

additional 25 GldLUdyoy OENPT alpfl reuilL, ean,be. used. . \The use, of, Lhe, scheme

of discrimnating the nodes 1 n accordance

manner can 14 4 r v jon onl oding .a
reference pi ctfuf;gg[legirlgér?a?&use I %rﬁt/ﬁ%?gfn%%dl brrﬁglré]qteu CﬂQI):;/tlrﬁg{(;ﬁilrﬁlregq-lélr‘ﬁ:odi ng,

for exanple, i d APlgdicEt od 5Pldur il ChodS 1a s, ropygy ed from an
recovery funct

errar, and 5 inplenenting redundancy. ion can be

i npl ement ed bynancdidigind @@ ancRo idbddesf Adi@ 1Pde re @ fdige to be
subj ected to notion conpensation adaptive predictive encoding, and

desi gnabi ng omliy-thmee dowfeorstrimin am N &M RFRinkd Wedddlr tdaRid idGea this
case, when 10 it is determ ned on the transm ssion side to transnmt an
R-Picture, thérM&.i s The redguio coeled stheeandel Stirea®nt 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




of a corresponding general franme (mainly a P-Picture or B-Picture). This
embodinent is therefore useful for the effective use of g jf1apgdy Ssion
path. 15 The basic arrangenent of a picture decoding apparatus :
corresponding to the picture encoding apparatus according to this
enbodiment wll be described with reference to FIG 5. The out put code
stream 149 output fromthe picture encoding apparatus 20 shown in FIG 2
is input as an input code streamto the 1gi cture decoding apparatus in FIG
5 through the transm ssion systemor storage system In the picture
decodi ng apparatus, a header denultiplexing unit 200 denultiplexes the

i nput code str q]HnL%haf%%:%p @ 25 stream 231 and a reference picture
code stream 241. A ‘denultiplexer 201 denultipl exes the video code stream

231 into a DCT coefgigi entsicpde Str 32 @fﬂqzé% gﬁfgg%%zjﬁyt 006 15

vector code stream 237. The DCT coefficient co ecoded

through a varimihe headglh decRderc 202 19RAUNHE8eq2Q3, taRd oiu'(}?fa%rt,se

di screte cosine transforner 204 and reconstructed into a predictive 5

error signal 23%le Brecaml 1am.ve@Or o & NeFdradtibs dgceded Byea
vari abl e | engt h decoder 206. Mdtion vector information 238 reconstructed by

this opérati ostream, NPic-ttypa nptichmreonyprsatindorpaedoat as A2fFinkAe
ref erence. picture code stream 241 10 demul ti pl exed fromthe input code
stream by a hésder picture type, R-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 tiplexing unit (not shown) is transforned into a reference picture
signal 244 through a variable Il ength encoder 209, dequanig§ﬁ§2ﬁﬁp, and
i nverse discrete cosine transformer 211. This code streamis” then 15 _
stored in a frame nmenory 208. Using the notion vector information 238, the
notion conpensation predictor 207 perforns notion conpensation for a
reference picture  signal 239 of the previous franme read out fromthe

frame menory 208 to generate a predictiveqgpicture 20 signal (a reference
picture signal after notion conpensation) 240. An adder 205 adds the
predictive error signal 235 and the predictive picture signal 240 to

generate a pl ,cture Si 6., .The | aybac icturg signal 236 is
output to theqo?%ifnfgftofa Zr%cfsdne g’ppﬁ%‘acitulsot}lar? é’to}){:r (Eh S eélcroéﬁ e%ce pi cture
signal in thefaan® Eemmrie sidhdi di t, picture. encodi ng

apparatus 18 JL?| y 2006 16 sends 501&{]1 t]hé]%ien o?lné:{irlrl%n 3 gilrmee tetr é)g%e pi cture

as a referencgspi G-I SBIHEAMI0 LRGN AN TPy e SHGLGD OF Storage
system i ndependently of a video code stream The picture decodi ng

appar at us thentdeq@jesnd dhhe & afenrNGR dIivelrdle reode a3t 8adH L, 0 shgconst ruct
the information of the reference picture. This makes it possible to :

proper| $ cope iwiptlleriche i aec tedemeaefy .anA ekcokerds riesthiiokedaabpye,
according to this enbodinent, the picture recovery ability upon
- 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




10 occurrence of an error can be inproved. This effect will be further
descri bed bel ow. Consider, for exanple, video encoding OPgg Al 9hogisi ng a
prediction |Iike that showmn in FIG 6. In this case, when an error occurs

on the way as shown in FIG 7, the 15 error propagates to the subsequent
frames using the prediction. For this reason, such encodi ng operation ‘
generally uses a periodic refresh nethod of periodically inserting a frane

whi ch can recover from an error, if it agurs, i.e.,.an intra-encoded
frame 20 (I-Picture). This however degrades the encoding efficiency. In
contrast to this, according to this enbodinment, in the picture decoding

apparat us show i Pl ad:oLhe o £ ence, 1 LTe, of apal oL aled by

decodi ng a 25 reference picture code streami’s separ as the .data

of a reference diLliressi ﬂ@?&ecﬁ%%d%?%rﬁ%eabgg %%&{Jgoéeéghe@e

frame menory 208, as shown in ta1s used to .

decode a vi de@®odaie SRR ON 20 Weh N BF SN e QEGHNS £ NB)si When no
error occurs, a reference picture signal based on preé?ctlve encoding with

hi gh encodi ng tafdrif@ntdr i205 atsede QI MIBTRAN MBI O NI S:1A T ef erence
pi cture signal reconstructed by decoding a reference picture code stream

is usedio reeowerr fgiamahe2 3 r orthel hick i @PPAIAIALS dRRiE & ts@he xnfigur ed
to forcibly replace
S 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




the contents of the frame menory 208 with a reference 10 picture decoded
froma reference picture code stream upon occurrence of gnrgypede | n the
arrangenment of this enbodinent, the total nunber of codes generated in the
pi cture encodi ng apparatus increases by the extent to which a reference 15
picture signal is separately encoded. This problemcan be solved by
outputting a reference picture code stream only when needed. For exanpl e,
nmode information indicating a referenceid cture code streamis witten at
the head of a frame as frame type information 20 indicating the type of the
frame. This node informa- tion is analyzed on the p| cture encodl ng

apparat us si deg. r t 10 ference p| cture

code stream Iesn tcﬁse no te @el no r&?eéryfe)nce p| c ure s r¥af

output. 25. F'&f&&@%ﬁéﬁf@%&d@@m Qe A L% q}et erm n| ng
'ﬁn s outpu o?

unit for such a reference picture code stream erm ni ng

unit is incorpoyatad ch8 shina g@%@s]taan\ rincicﬁferfa@mfiﬁ of NE Niepderc

. . od
mul tiplexing unit 117 in 2. Referring to FIG™ 9, an i nput ‘Code stream

431 is input dtrem.addidd Qﬁ&:ltﬂrl‘ef Adeid iy GiRIrE NG HEN tdeHibs Wi Ch
determ nes whether this code streamis 5 information indicating a nornal

frame of auxi ltitar idef eradded dinfanmatdoate durddn Temedin®ituce hgd nput code
stream 431 is a code streamincluding the video code

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




stream 137 and reference picture code stream 147. The additional
information determning unit 401 determines 10 whether ofg 26dy s code
streamis the reference picture code stream 147 as additional” i nfornmation.
A determnation result 432 fromthe -additional information determ ning
unit 401 is input to an additional information output determning unit
403. 15 This unit determnes in accordance with state infor- mation 433
indicating the current state whether or not to output the reference

pi cture code stream 147. Assune that the state information. 433 is
information "indicating whether or not an error is currently 20 occurring.

In this case, Fi aQ3er3§§iésdg€§u él@g dtggt%gg$%%;$2ﬁ%%'%T%%@Ht'On out put

determining unit 403 er m nes o ou e code

stream 147. I&the noii@l asdate, i b, cgbg@rgrrofhéf lgcféﬁéﬁt t he

reference picture code stream 147 25 determ nes not to ou e reference

pi cture code  &tigamddrzsA deterdidaid adesid ts 434 nomdhe pddi tional 18

July 2006 19 information output determ ning unit IS tran erred to an

out put unit 4Qedihe: iox pcdditg AP2 10U K senécr@mff@fﬁl&feﬁaﬂ%sﬂ ream
147, contained in a code stream 435 input through the additional

i nf or mats on 5 uketder mioniing whdn #AQlerasr avc@PUta C@&ﬁﬂ@@ﬂﬁﬁm@
accordance with the deternmination result 434 fromthe
signal reconstructed 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




addi tional information output determning unit 403. This nakes it possible
to adaptively output the reference code stream 147, and g feevents 10
unnecessary ‘i nformati on from being output in the normal stat w t hout any
error. In the picture decoding apparatus showmn in FIG 5, the reference

pi cture code stream 241 may be input as an input code streameven in the
normal state. For 15 exanple, such cases include a case wherein a | ocal
file i.s played back and a case wherein nggadaptive transmission is
supported-on the transm ssion side. In such a case, it can be determ ned
on the picture decoding apparatus si de mhether or not to decode the 20

ref erence pict.ure code str t he basi.c arrangenent of a
decoding operati Orde%’%arﬂ}ﬁ efng %Iqe%ﬁ Ja{“-’ré‘]‘rélrtveﬁ'&e7a cture

code. stream upgh, thers t ode ThIS odi ng
operation det er m n| ng uné#&g:l\,}% L{anOI?JTCJO%}t ead1 lrm% f CJadésr rc?@rﬁ;?lt% |18Xi ng
unit 200 prowi t I e an
i nput code st\riesg%%ﬁf |ﬂ§|%%%aql?l%%f8qﬁ&%é%%ﬁ% onal i %‘or mat i on
det erm ning umigh ,5Qkh i Mgt e GetRIITNIRST AT S Qfod'éOtsttrI%%nFcl%e streamis .

additional information. In this embodi nent, the I nput e stream 531 is
a code st reamig@airaiatikg tlh@il\datmagc%deloiﬁﬂaqamr%n?é”%xa%ﬂﬂfl%&%% picture

code stream241. The
added information. In this embodiment, 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




addi tional "information determning unit 501 determ nes whether or not the
i nput- code stream 531 is the reference picture code strega¢dgqelhi s
deternmination is performed by using, for exanple, node information 10
which is witten in frame type information and indicates a reference

pi cture code stream A determnation result 532 fromthe additional

i nformation determning unit 501 is input to a decoding nethod determ ning
unit 503 to be used to determ ne 15 whethé&r or not to decode the reference
"picture code stream 241. Information indicating whether the current
decodi ng operation is |ocal decoding or an error has occurred is supplied

- as state inforghld, oo Ridhe '?%r{{ie'iﬂﬁci deen i ng L o303. The

decodi ng 20 net hod deternlnlng un|t 503 det’erm nes fron1the eterm nation.

result 532 frew the Adddd epalt 4onf.or md Quigeteiiin NGuBik QL and the
state information 533 whether or not to decode the reference picture code

stream 241 comhal neddrercC @deleSisteammb 725 domputi nichr awdh haieaddi ti onal
information determning wunit 501. A decoding unit 502 perfornms decoding in

~accordance w i raatetddSniimphiton hresight the34ddiamnchhe 2hrdeaadiiog met hod
determ ning unit 503 and outputs a playback signal 536. Wth this
operatibn, i ndelterrdsdngofunlitcdldldeeasdiamg cotphilte coidke strbampidduia decodi ng
apparatus can be controlled not to decode additional 5 information. In the
normal state wcocoddangeywith 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




transm ssion error, for exanple, the reference picture code stream 241 is
di scarded by the decoding nethod = determ ning unit 503 wi {haiy 2008 ng
decoded. Assune that a frane to be referred to is onmtted and a 10

pl ayback picture cannot be nornally decoded because an error has occurred
in the transmssion path. In this case, since a reference picture required
to decode the playback picture is not stored in the frane nenory, the '
reference picture code stream 241 is decatled to replace 15 the picture
stored in the frame nenory. This prevents a deterioration in the playback
pi cture due to mxing of the error. This apparatus can al so use a

technigue of 4gs0di At Lo GHRICESOMSE SHLEAMAN [EPbGEI gLl 1 of er ence

frame with the resultant data only when an 20 error has occurred. The

reception si degégerl fds Dehe Y i GHNesk tendecqde an-eMlife L8l er feh code

stream wupon receiving it regardl ess of whether or not the reference franme
is to be repl abeth it sorenbari nenis hasbdheaiedlesciidecthn: theadramss, 25
that one reference frame is used. However, a plurality of reference franes
may be used. Ilhis xaseje idtmddm ddret piwing ahofviadddd wadd tarofard r anes
are added, the 22 nunmber of coded bits may becone excessively | arge,
resul tifg in |&tk ofd prefctiagald pi.ciRore tdnde reasem 24nl y Thesmal | area
(e.g., a macroblock in this case) of a plurality of reference franmes which
is to be referaddbianal dnfswmst cgnsisisamioninis wdlte@d datcemuitnmst as t he

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
method 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




reference picture code stream241. In this case, a data structure per
macrobl ock replaces the data structure per frame in FIG 1360208451 ng this
scheme nmakes it possible to avoid an increase in the nunber of 10 coded -
bits due to encodi ng of macrobl ocks that are not used and to save the
nunber. of coded bits. In this case, a code streamis witten together with
information indicating that macrobl ock information output as additional
information is a macroblock at a 15 specidic position in a specific frane.
(Second Enbodi nent) FIG 11 shows the arrangenent of a picture encoding
apparatus according to the second enbodi mrent of the present invention. In.

the first emo@é@@@img%@@hééf8é€89ﬁiﬂiﬁ§nuﬁxl§inf§? 6335158&5%4:@%@&@“ as a

. frame different froma video code strea e second odi nent, a

ref erence pi ctprgysade si§eam 630Ut Ppuin 85 8ddhLiopabn i “{fi’ffﬁ%ié’ or the
frames of a video code stream The sane reference nunerals as in G 1 25

denote the sanef pes¢sl i deddding lor afife ON] Me | hene db {08 £OCES- S 0 t he
pi cture encodi ng apparatus according to the first enbodiment w1l be
described. 18 dupar2006 @8n life dadmt Sl IdEmout Paltdeddd 44 st Bshangenent, a
reference picture In this enbodinent, a reference picture code stream 147
L information. In the normal state without any
transmission error, 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




is input to a nultiplexer 106 to be nmultiplexed with a quantized and

vari abl e- 1 engt h-encoded DCT. coefficient 136 and notion Veghay 2065le stream
144. The resultant signal required to encode and decode a specific frane of
a video code streamis added to the franme. More specifically, as shown in
FIG 12, the reference picture code stream 147 (Ref-Frane #n+l) of the (n
+ I)-th frame becomes additional information in the sane (n + 1)-th frame
(Frame #n+l) in a video code stream 137.24n the scheme of adding a
reference picture code 15 streamto a specific frame on a snall area.
(macrobl ock) basis as described in the latter part of the first

enbodi nent, t r mul tipl exi t he video code
stream 137 angﬁlt Ee rdgff Le{?Oec?l%@e %Jislg ﬁtrlefg%%’goﬁ r%}é(fﬁi%’?v%%y ar@ar&%(?’obl ock basis
20 and addi ng, tihe i deo sode, st m 5 gt er 0

information ir;:d%sglat%hngd/v\%et her g? n%t t lééglrle%r enE(c:BeP;a)%}%:Jté]urregéco € stream

147 is added tgh18, Speai Caf@é:l’@g).lg).c'_k.a Rz roL v&tg}pisargaag&e t of a
pi cture 25 decodi ng apparatus corresponding to the picture encoding

apparatus in B @luldhl ifhe SAe: fef &l @NGa anMETRIAl & aSs it G ddgnnie the
sane parts in FIG 13, 24 and only the differences fromthe picture
decodi n§ apparatins redciendingndenddteidn riy mRadidenindiddt R 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.




described below. - In this enbodinent, a denultiplexer 201 denultiplexes a
reference picture code stream 241, 5 which is inserted asjagdiybognal
information for a franme of a video code stream 231, fromthe video code
stream 231, independently of a DCT coefficient code stream 231 and notion
vect or code stream 237. The denultiplexed reference picture code stream
241 i s decoded through a 10 variable | ength decoder 209, dequantizer 210,
and inverse discrete cosine transfornmer 241 as in the first enbodi nent,

t hereby reconstructing a reference picture signal 244. The reference

pi cture signal obtained by decoding the reference picture code streamis

el d as 15 e, dal f Olndodsherence pLeLpLesi gnal bsed ypon celry gace of

an error in a ane nenory en an error- occurs,

picture data issUsgdt Oco AeCRUE: ifeytfePoEOS SLNAANL 1 JIL2.APPALALYS MY

al so use the schene of forcibly replacing t conten e frame

nmenory 208 wi tdudie: Z&d efreNcea Pi Ht 1 1 desores d4am 5 f eé@éﬁf'ﬁ?%e@ﬁﬁture
OWs

code stream when an error occurs. (Third Enbodinent) FIG 14 s t he

arrangenent of136 pired Wict 25n enEdIth N OGP as B dksn aC£o! difge t e dherdhird
enbodi mrent of the present invention. In the first and second enbodi nents,

t he reférence quid ure tdoge witrmam 147 is 18 July 2006 25 generated by
encodi ng the reference picture signal
o 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,




stored in the frame nmenory 110. In the third .enbodi nent, a reference
picture code stream 147 is generated by encoding a refer@@gﬁ Pb6d ure
signal ‘5 (predictive picture signal) after notion conpensatlon In this
notion conpensation, a reference picture obtained by selecting optinal
portions fromthe Treference picture signal stored in a frame nenory 110 on
a small - area basis (mainly on a nacrobl ock basis) is 10 generally stored
in the frane menory. For this reason, a I&ference picture signal 142 after
notion conpensa- tion is a signal selected froma reference picture signal
141 stored in the frame nenory 110 on a nmacroblock basis. 15 Referring to:

FIG 14, the r r&ICe t n ne notion
conmpensati on (iﬁfected ﬁ%ﬁ %ﬁﬁ%%#%@?%ck%€a3|s é % ? ¥8f$%%$ ot i on

conpensa- tlo iy rediei o ddlhs £e te cosine

transf or ner dequanti zer 114§ and 20 va??a%Tﬁgé %@%q%ﬂ%g é? 115. As a
consequence, tdt%cﬂﬁféﬁ PBCEoW! Ct i ecicPdebseam A4,/ i Sd&ﬁ&ﬂféfé’xer]_he ,

ref erence picture code stream 147 generated in this nmanner I's output in a

frame differemof rdumilntaipéx@s &ieleperades Sﬁi@@mé:ﬂo@é derddie J47 st
enbodi nment, or 25 output after inserted as additional information i'n t he

frame of5 t he witdeh dodelretemtze 187 it diwel SBofmnehaerBodiden . £ e ul y
2006 26 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




FIG 15 shows the arrangenent of a picture decoding apparatus according to
~.this embodi ment which corresponds to the picture encodi ngg appag@ us in
FIG 14.- A reference picture code stream 241 after 5 notion ctonpensati on,
which is denultiplexed fromthe input code stream by a header

dermul tiplexing unit 200, 1is a code stream obtained by encoding a reference
‘picture signal after notion conpensation, as described with reference to
FIG 14. This code streamis decoded 10 tdg ough a variable | ength encoder
209, dequantizer 210, and inverse .discrete cosine transfornmer 211. As a
consequence, a reference picture signal 244 after notion conpensation is

reconstruct ed. . -, S r.ef er e picture signal. 244 after
notion 15 corr g%:ﬁ%%%f{bsyi%%ﬁéaﬁgg aﬁqn%tfegfle%%%eer%laﬁ“b% S‘plr(--”eri:ﬂ tor 207
instead of a ffayR IBiPrah 208 A% iMkddis, {145t AN seqqnd enbodi ments. For
exanpl e, when an error occurs, the notion conpensa ion predictor 207 can
out put the refiRRfiGnerdd, Pi G &idnali A4 afd&ie MtioN, oopensation which

is reconstructed in the above manner as a predictive picture signal 240

instead of i npuindTRtaD BAR G Hodidy of r@ﬂ&br?@@ﬁf&ﬁé efigfgnice picture
signal 239 from the franme nenory 208. 25 According to thi's enbodi nent,

even when a pipwealidtied pieftenencs PiaureR &f endta e n#hitlien .Some

~mani pul ations are applied thereto, the reference 18 July 2006 =
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.




27 picture-signal 142 after notion conpensation is encoded, which is a
predictive picture signal directly subtracted, by a subtiggsiigenodd2, from
an i-nput video signal 132 after area segnentation. The reference 5 signal
142 is used as a signal for restoration upon occurrence of an error. This
makes it possible to solve the above problens. In nmany cases, a picture
frame subjected to predictive encoding is predictively encoded while it is
10 sel ected whether predictive encoding (IENTER node) is perforned on a

macr obl ock (snmal|l area) basis or intra-frame encoding (INTRA node) is
perfornmed. In this case, since there is no predlctlve picture signal in

any intra-frame-encpgied ymcyllocks, éltrfn%ﬂ&{@ 330& fure signal is
It is

out put as one frame, an unnecessary por

therefore possiddcifity 49AG AN &IUA e d & rser&ﬁmraﬁfzewte“ﬁu st r ean

147 required for decoding operation on a macro ck basis as we

storing refer eaeigdids t9 @l pildtdhe egg:d‘c{quga PR RN i frame baS| S.
(Fourth Enbodinent) The first to third enbodi ments have exenplified the
case wherei n HIGRO lencodi ng fes epefel @itRthidy cddeC dHdichat i2an afrt@Ept i on
conpensation prediction, discrete 25 cosine transform quantization, and
vari abl & | engtiot ienc etinpen sidhiener whilu firse s litly@Rikean firsmN@he | i M ted

to such an encodi ng schene. For exanple, the
1nput 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 28 present invention can be applied to next-generation
encodi ng techni ques such as wavel et encoding. FIG 16 shoyg pjiheohpsi c
arrangenent of a picture encoding apparatus which is generalized in
considera- 5 tion of such various picture encoding schenmes. Referring to
FIG 16, a picture encoding unit 1901 encodes an input picture signal
(mainly a video signal) 1931 using a reference picture signal to output a
picture code stream 1932. The picture encgging unit 10 1901 may use any

ki nd"of encoding schene as long as it is a schene using a reference

pi cture signal. A reference picture signal 1933 used by the picture

encodi ng unit 190% IS encodfd Qg af%eferegce picture encoding unit 1902
and output as RFEFEFeRte Pl ctif e2 18T BALI SR 6HPIO3ATIPRGIS17 shows t he

basic artangerbntoglys MELK! o desothoa soperLys, corfespending Lp, (he

pi cture encoding apparatus in

2032 derul {1 pl ey, LxomyaN, ) NpULGOAZ 20 o AN | 5, IS oled, by Bt or ence

pi cture decodi ng unit consequence; a refere

2033 is reconsgfygs e 3A @fgéyrgrégd&?ﬁléﬁe%&e%@ﬁl ﬂ?%ﬁégg%%g from the

i nput code streamis decoded by a picture coding u nthis

case, ifsthe 25 geiEreqre Picisd casl gnal gROB3esLCANSESHEL B, ypdhe
ref erence picture decoding unit 2002 exiSts as a .
' occurrence of an error. This makes it possible 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




reference picture signal, this signal can be used as 18 July 2006 29
necessary. (Fifth Enbodinent) In general, when a referengerstoge is
encoded in the | NTRA node, an error is produced between this 5 reference:
picture and the original reference picture due to quantization. For this
reason, in encoding operation, the picture encoded signal obtained by
conver sion/ encodi ng and quanti zation is used as a reference picture instead
of a reference picture signal 10 as a pragdictive signal. By transmtting
this signal as an additional reference picture encoded signal to the
decodi ng apparatus side, a systemfree fromerrors due to quantization can

be realized. i i L.on. in conbination with 15 a -

f eedback i nf o%r&ae%iséorﬁg eﬁn%‘?rgnnéeanr{’ irynegn%féfg]](#ea Q tl?ef‘?gt"gﬁ%%%]rqn Pr ot ocol )
or-the Tike, theLififfteind NfuePr&s80,4 NyEMIan @ﬁﬁfnhanced. This is
because when error information of a network 1S sen romthe reception

side to the transmisedom &i seows hend NEL; 20 PBLA S S %i%‘ﬁgﬂcﬁﬁeﬁ

condition for determ ning whether or not to transmt a

information. léncodiorg examuerud twhicHletLergamad fim RHCRdhataan -error

has occurred, the reference picture code streamof the next frane is
transni tt ed t cite afecepti orasicdes PRI WreRnerdigthand decoding in the
present 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




i nvention descri bed above may be inplenented by hardware, or part or al

of processing may be 18 July 2006 30 inplenented by softweg slyisomy a
conmputer. Such software (conputer progran) may be distributed upon being
recorded on a recording nediumsuch as a sem conductor nenory or CD-ROM
or can be distributed 5 through a transm ssion nedium such as a radio
channel or wire. As described above, according to the present invention,
the recovery ability upon occurrence of amp error can be inproved wi thout
any deterioration in 10 transm ssion efficiency. In addition, processing
wi thin an encoding franework and preparing-all data at the tinme of
encoding mAII_eu|ﬁ§g¥ the necessity to performre-encoding, conplicated
processi ng at THe 17 “of transm ssion, or the like. This nakes it

possi ble 15 to -qgg;r . sinpl e picture transm ssion/reception systém
| ndustri al Ap&%%xall$ﬁ%9§%£]g§ been descri bed above, the video encoding

and decoding appar af NSgsnSEL0! diifith 12 Le. pLasenls 20,1 IVaNtd gl £af A used

for a system desi gned conpressi on-encode pictures 1n a s

information aMUNNBL dddSHE Qrodt o e Rl IBARe ARt i a

vi deophone, video conference system portable information termnal,

digital svi deo r@ifsdceiksd @lctal®d 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




25 digital TV broadcasting system 18 July 2006 31 CL Al MS 1. A picture
encodi ng nethod conprising: a first encoding step of generg@hipgogs Vi deo ‘
code stream by encoding a 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 streamby nultiplexing the video code stream
with the reference picture code stream #) A picture encodi ng net hod
according to claim1, wherein the first encoding step stores a | ocal

decoded picture signal generated in a process of 15 encoding the video

i | i f d t d di t d th
Feforence pi crile R Bra Foat DOrTT o He 1 ra Hatory Sa A
i ct odi i n, i 2,. i h f
D1 ctur e of gnalts St Dl o5 S R G bty Y WP E S oot o ne
by subj ecti NG gdith SIRABAIPWNG B Ll ELAP fd QfiRlsudeeading. 4. A picture
or

encodi ng apparatus” conprising: neans feceiving an input video signal;
25 first encodidgsBanstar R N e MhileQSidialbe distributed

‘5 thrdugh 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 eliminaté the necessity to
perform re-encoding, complicated processing at the time
of transmission, or the like. This makés 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
videophone, video conference system, portable
information terminal, digital video disk system, and

25 . digital TV broadcasting system.




by using a reference picture signal to generate a video  code stream 18
July 2006 32 second encodi ng neans for encoding the ref er E\Rgy 2006ct Ur €
'signal ‘to generate a reference picture code- stream and nul tipl exi ng neans
f.or multiplexing the video code 5 stream and the reference picture code
streamto generate an output code stream 5. A picture encodi ng apparatus
according to claim4, wherein the first encoding means includes a frane
menory which stores a | ocal decoded pictuwle 10 signal generated in a
process of encoding the video signal as the reference picture signal, and
t he second encodi ng neans encodes the reference picture signal read out
fromthe frame menory. 6. A picture gngogli pogyapparatus according to 15
claim4 or 5, ‘wherein the reference picture is formed froma plurality of

pi ctures obtai ned by_su@jﬁg@{@getgﬁcogp§@qﬁgkm@yi55hﬁg£gigg;to a |l oca
decoding. 7. A picture encoding apparatus according to claim4, wherein

the first encodi ng arepnsst neheesng s28p f 6 AN ErDE oy chi s oresaa | ocal
decoded picture signal generated in a process of encoding the video signal

as the referemnergincthy estghialg and dai | QgnLCoNPENSAtd ofe f@ansd or
subj ecting to notion conpensa- tion the reference picture signal read out
fromthe 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;




25. frame nenory, and the second encodi ng neans encodes the reference
picture signal after notion conpensation by the notion crym@nsels on neans.
18 July 2006 33 8. A picture encoding apparatus according to claim4,
wherein the nultiplexing means includes first determ ning neans for

det ermi ni ng whether or not the input code stream containing the video code
5 streamand the reference picture code streamis the reference picture
code stream second deternm ning neans fagw, when the first determning _
means determines that the input code streamis the reference picture code
stream determ ning whether or not to output the 10 reference picture code

stream and out put f tputti the input.code stream_ as the -
out put code st rgam %@%ﬁ%oér}é%(ﬁ%&eﬁ 'rfl%é}?%e %%c%rg%Pdlcféq T AT et i OEEsul t. 9.
A picture decqgi t ising of . recei vin i nput code
st Eeam cont a&%ér}'éhlfat@v&?l eoacgo e %I{r}%aarﬁ%t% gﬁefliteegtpebnyéeer‘??o |un]!ge gzo\alél%deopsi gnal
and a referencg pigfurg£ode stream obtained by encoding a reference
picture signal; a first decoding step of decoding the reference 20 picture
code stream cont ai ngel # fp 1d¥ei hd Rt artd des St eBRp Lk BEN A & dd T&ige
reference picture signal; and a second decodi ng step of decoding the video
code sty eam GHainethd tHderd fyrin20q8 Shiamdde sleem 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.




~ tively using one of a second reference picture signal 25 obtained froma
‘reconstructed picture signal and the first reference picigingysognal to
generate a playback picture signal. 18 July 2006 34 10. A picture decoding
nmet hod. according to . claim9, wherein the second decoding step stores the
pl ayback picture signal as the second reference picture signal and stores
the first reference picture signal in 5 a frame nmenory, and decodes the
~video code stream by selectively readi nggput the second reference picture

signal and the first reference. picture signal fromthe franme nmenory. 11
A picture decodi ng nethod according to 10 claim9, wherein the second

decodi ng step incluggs_g féggrgfeg%gﬁ%ﬂghégg?gaggggﬁéF %g&g&gtsignal as

the second referencé plc?ure si gha Qecodi ng the

vi deo code streagihys! eplaciig the nseconies alengnees bl giuie, signal stored.

in the frame 15 nenory w frrs f'erence prcture signal. 12. A _
pi cture decodi ng apparaf U§e€8ﬂ£h§b8%eaﬂl§'pﬂgr E&f\s 1@9ﬁi£§0§}1¥£1@§r38r' nput.
obt ai ned y encodi

~code streamcontaining a video code stream ne ng a Video

signal and a rederenseimhet Weas oder s ean 2010 @l ied Pyasncashdg a
reference picture signal; first decoding neans for decodi ng the reference
pi cture ode siteaim co ailedrd fetdiecd NPt 1Gedesdd @ Ream 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
o 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.




to generate.a first reference picture signal; and second decodi ng neans for
decodi ng the video code 25 stream contained in the I nput 1Eage2§0¢ eam by
selec- tively using one of a second reference picture signal ~obtained from
a reconstructed picture signal and the 18 July 2006 35 first reference
picture signal to generate the playback picture signal. 13. A picture
decodi ng apparatus according to claim12, wherein the second decodi ng
means -includes a 5 frane nenory which st@res the playback picture signa

as the second reference picture signal, together with the first reference
picture signal, and decodes the video code stream by selectively reading

out the second refcerer}g?oioéﬁ}fgede%cgﬂq{% J{ecod’{ééé} af$ $e§§nce 10 picture

signal fromthe f rame I hg appar atus ‘according to

claim 12, wheraifyf he f»&r{é}eﬂﬁo&% MR UL ol he Jidst Heef erence

pi cture S|gnal by decodlng the reference picture co stream a ter not i on

conpensati on’ 15 Aok i @i digghd In atshecﬂéwéc&ﬂﬂeréééﬁ@rme i

-second decoding neans includes a frame nenory whic stores the playback
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selectively reading out the second reference 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 enceding 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; end
- 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




15. A picture decodi ng apparatus according to claim212, further conprising
first deternining means for determning whether or not ti@RilpROYE code
streamis 25 the reference picture code stream second determ ning neans
for, when the first determ ning neans determnes that the input code
streamis the reference picture 18 July 2006 36 code stream determ ning
whet her or not to decode the reference picture code stream. and decodi ng
means for decoding the input code streamdn accordance with the second
determ nation result. 5 16. A picture decodi ng apparatus according to
claim 12, wherein the second decodi ng neans includes a frame nenory which

stores the pl ack pigcture signa as the second reference picture signal,
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pi cture signmpfgﬁﬂfg %p ﬁgf frame nenory with the first reference picture
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| : 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




mul tipl exi ng the video code streamwith the reference picture code stream
18. ‘A program for causing a conputer to execute: a processngl2o®@ecei ving an
i nput code stream 25 containing a video code stream obtai ned by encoding a
video signal and a reference picture code stream obtained by encoding a
reference picture signal; 18 July 2006 37 a process of decoding the
reference picture code streamcontained in the input code streamto
generate first reference picture signal z3gand a-process of decoding the

vi deo code streama 5 contained in the input code stream by sel ectively

using one of a second reference picture signal obtained from a
reference picture_ signal to

reconstructed picture signal ,and .the first
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5_ - 16. A picture decoding apparatus according to
claim 12, wherein the second deécoding 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
pilcture 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;




(101 - ‘112) which creates a video code stream (137) by encoding an input

vi deo signal (131) by using a reference picture signal (1ﬂﬂhﬂ dodeef erence
pi cture encoding unit (113 - 115) 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
nultlpIeX|ng the video code strean1(137) and reference picture code stream

(147). o , , 37

a process of decoding the reférence picture code
stream contained in the input code stream to generate a
first reference picture signal; and
a process of decoding the video code stream
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.






