; e3eTR>D6T =~ DESCRI PTI ON PI CTURE ENCODI NG METHOD AND APPARATUS AND PI CTURE
DECODI NG METHOD AND APPARATUS 5 Technical Field The present invention
relates to a picture encodi ng techni que of conpression-encoding a picture
in a few nunber of bits and a picture decoding technique 10 oMNﬂWMMWMEWMﬁFk
a picture by decoding a code stream obtai ned by conpression e

nore particularly, to a picture encoding nmet hod and apparatus and«gepkcture
decodi ng nmet hod and apparatus which can nake a recovery fromthe at¥tse
effect of an error as fast 15 as possible w thout degrading tv encodi n
efficiency when transm tting/ stori thrugh a t m ﬁ
path susceptible to errors. Backgﬂ)ror%n%r%??e?tp?ialneé;e@sary tor' Wmmﬂm ”m
conpressi on-encode pictures in 20 a few nunber of bits in order to transmt
or store the pictures 1; S ﬁ’ﬁtdﬁﬁ\!eg ddd Lhan rEPtAP9{TL§ %ﬁ) pi ctures,
e.g., a videophone, v&é%gdﬁﬁlyﬁ?aﬂﬁhf Dlﬁyﬁ #iﬂd?ﬁﬁna ion term nal
digital video disk system an igita roadcasting system 25 As such
conpressi gn encodi ng techni ques, various schenes have been devel oped,
including a notion conpensation schene, discrete cosine transform schene,
subband encodi ng schene, pyram d enchbekingiszhentsland 2 conbi nati ons
thereof. The followi ng are defined as international standards for video
conpr essi on encodi ng:THS@re MREG I vayREG2, rdREG s, td U Ti¢t @64, H. 262,

H. 263, and the like. 5 All these schemes are conpression encodi ng schenes
based on a conbiaretddim DOt aadin i e o er et 6 Ifamnicaadigre d @Riozhdn

di screte cosine transform which are described in detail in reference 1
(Hiroshi Yasuda,2 "B@PEQURHRSS ok iifel it i 2te Serd g t§er ue
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/storing encoded 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 scheme,

subband encoding scheme, pyramid encoding scheme, and



10 Encodi ng", Maruzen) and the |Iike. A conventional picture
encodi ng/ decodi ng apparatus has the following problens. First, in a
comuni cation path with the possibility of being mxed with errors, such as
a radi o conmuni cation path, performng only 15 encoding will lead to
consi derabl e deterioration in decoded picture quality upon occurrence of an
error. VWen errors occur in signals such as, a sync signal, node
i nformation, and notion vector information, in particular, picture quality
noti ceably deteriorates. 20 Second, in notion conpensation adaptive
predictive encoding,used for picture encoding, only the djfference between
frames i s encod@MPERATERPS Fg§§89f'ifT i éP&éPW6@QUP§? 35 3 0&S $pondi ng
frane fails, and gn erroneo;s gicturgli stored in a frane nenory.. A 25

t & Sn§

predi ot ve b ct GE°FS2GeRErd 865y g e ‘ErPoalEs iCel MG e
Gubsequent 3 TOSneS el praRBRT o daEBlcd:  bfobr Tpret or B Ranngt 2Be

obtained fromt S e t frames unless information is sent in an
encodi ng node (PE?RXR%Dgg$gdf encoding pictures only within frames w thout

using thegS differengas RelwRen dfigdy ATRS Qindrdes 4 UeNGRi Qg IG &SI LT

gradual ly wanes to restore the original pictures. If 1-franme information is

lost due to an guk@E, ohhe $ea®Idaltiafle oifS mdel cte ot nala taldn At ify
exanple, the first frame is directly output. At the 10 third franme, a

residual error whiedh ctlibowangr epeic ré@eodiodd nenlty anadd rint, iwhiaddedd o the
second frane is added to the first frane. As a consequence, the third frane
i s decoded i nt odespirdbede inotaltlay 1diinf eredrir ehrcemlt heliprogber Yasatda,e.
Subsequently, residual errors are 15 added to wong pictures. Basically,
therefore, the EMPBG/dodésrnet idinsdpSdandandd zatdper afedbdddmsiditaur es cannot
be played back. In order to solve this problem in the prior art, a

t echni quéOcal | enepefingdh” Magugemer andy theed iken 20 which encoding is
performed in the I NTRA node in a predeterm ned %¥cle When, encoding i s

performed in the | NTRASRTENTHG HE Wik & TR HRIINT RARASHSS t he
quality of a picture, Wt t _any error, greatly deterjorates. Far this
reason, a periodi®¢ E@fer éjéq)ﬁ‘li?glﬁét I?&?%&reg'\%e IFiyllfée’%i’s s Gl eeE e Wi h
refreshes severg| QR S Aae j .ef I i ire
frame at once. ﬁt %g%%égﬁgd'c FE%?EQ%“LE%%%%&n%fEh%%ﬁgagfggéﬁ?ﬁgﬁ%h an
ncrease in the JouEdels of 2eHRA dointrGa d1erS WRATES Hfbr dirliGg iy 0d Of

time is requireg to recover a nornal state. O her nEasures agai nst” errors

include asnmeasul®dinhgusiing Qlea@l tePIdREIduT EARE Be tAIAiRRLEN drhiis scheme
can correct errors that occur randomy, it has difficulty in coping with

errors of sever aledodrdr ¢d diivre tdual iconsgeut iocelwr reeeid dM an @insir manner .
Even if the schenme can cope with such errors, considerable 10 redundancy
occurs. When errors occur in signals such as a sync signal,
mode information, and motion vector information, in
particular, picture quality noticeably deteriorates.

20 Second, in motion compensation adaptive predictive
encoding used for picture encoding, only the difference
between frames is encoded. For this reason, if an
error occurs, the corresponding frame fails, and an
erroneous picture is stored in a frame memory. A

25 predictive picture is generated by using the erroneous

picture, and the residual error is added to the

predictive error. As a consequence, even if subsequent



Techni ques have been studied to receive error information and the |ike
about a network froma system and adaptively process the error information
and the like on the server side. Mdxre specifically, Such a 15 techni que
uses a nethod of perform ng re-encodi ng upon reception of error information
or switching a plurality of files. In this nethod, the server needs to have
an encodi ng function and a function of adapiively swtching a plurality of
files, resulting in extra 20 processing. As described above, according to

t he conventional picture encoding techniques, |loss of information due to an
error causes a %reat deterioration iCP gicﬁtcﬁ;e abualit#/.. I.n additior‘;C 1
techni que such as ¥ FoS iP5 Y ST Hethod Tf FeTomst? Uetiny B¢

i nformation | ost to r r ' I ri t] i eve
error recovery ior?({c%giﬁls%ddgf}éﬁ otg{eofsqﬁgeéﬁecrgcdi%gjaqneoé deﬁ?% elnljtlzgé.eng%ol?cf eni ng
the tine requir f ver va, WAl ] erbﬁ?i‘@@@ of-e its to
result in a det g&i os%g}ttlr gﬁpiaﬁ{ eenrz&odd%lnﬂgd]gﬁ%i (el;cy. sc{%)os%fr e&g(?&?%\l/ggnti on 5
It is an obj ect ffcthf1& PTESRNLy I TGN O PV e & Pigteé encoding

met hod and apparatus and a picture decodi ng nethod and apparat us whi ch can
qui ckl'y recover Jirfomadh@d Heta¥ddh idhd nfQmdd i on #15e | D8t 1 bndd e erimd

exhi bit high encoding efficiency, and need 10 not perform any re-encodi ng.
Accordi ng to therigstgrshect] piwdrhes fresssdtdryerie oy idhes e bacpioys ded a
pi cture encodi ng nethod conprising a step of receiving an input video
signal, a first encodifhglsfemefigtmonatioy bs videb doeetstaraeridr py
encodi ng the video signal using a reference picture signal, a second

encodi ng step ofthyeragcandg ranefis amle Pieaded abdel bt raam bfoencodi ng t he
reference picture signal, and a nultiplexjing step of generating an out put
code stream by raianpleoxitite thierst derndes 20l 5e¢ehm QW EPLE he 2efrence

pi cture code stream  According to the second aspect of_ the present

i nventi orC t her FHFDrihAtRd A FHTIWE STl M Bppafat s dFpRESi ng neans
f i Vi i i vid i |, first di f dj th
video 25 signal BPULHY T PerUrehctt b BT ghar™d ore urer TEh 4 a

vi deo code st reaa[gdescfcp@dtﬁélcgﬂgg FE. .fq,{se csﬁgﬁg%gé’gcé}af@lﬁ%i : iP& cture

signal to 6 generate a reference picture code and” nmu exi ng

means for nul tiptexdgd e 8D LGS étﬁf@m@é‘dté@&liff&{?f‘&@eﬂ ct i code
streamto generate an output code stream 5 According to the third aspect

of the present ifwendidPer thefuts, Provhseshén Pl ¢f Wes feedi agr oes hoge
conprising a step of receiving an input code stream containing a video code

stream ohtami ned Lydedhcosli vigoreg b Dketusé gnal Bastcal I ¢f etlencef pref Utlge code
stream 10 obtai ned by encoding a reference picture signal, a first decoding
step of decodi ngether rédes ence @i zappeacodadtipespecohtadded pictimees nput
code streamto generate a first reference picture signal, and a second
decodi ng step ofCaeodibg Bheved dedckode stream 15 contained in the input

code stream by sel ect| velg usi ng one of a, second reference picture signal
obt ai ned from a reconsProtfed by cEat¥esiyhal Parlehe +PrEberBrépEnREL/

picture signal tg gggﬁéf&&eacgifggaﬁ§e égégxeigi Qgérally used, in
20 which encoding is performed in the INTRA mode 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 reason, a periodic refresh
25 method or the like is usually used, which refreshes
several macroblocks per frame instead of refreshing an

entire frame at once. In this periodic refresh method,



According to the fourth aspect of the present 20 invention, there is

provi ded a picture decodi ng apparatus conprising input neans for receiving
an input code stream containing a video code stream obtai ned by encoding a
vi deo signal and a reference picture code stream obtai ned by encoding a
reference picture signal, 25 first decodi ng nmeans for decoding the
reference picture code streamcontained in fhe input code streamto
generate a first reference picture signal, and second 7 decodi ng neans
for decoding the video code stream contained in the input code stream by

sel ectively using one of econd reference picture signal obtained. froma
reconstruct ed pittiire s ga?]]aq%oé'}ﬂq”‘ tHe Wcrrs‘?asrgflel? e BUEYRE ute PSRRI to
generate a pl ay pictyre si ie ripti ings FIG 1 is
a bl ock diagr amt%)g*ﬁ‘}o%vvidnazzj\h ﬁee SESlIJ r angsesrf%l't %f%?%iﬂé?pﬁée)@e%%oglﬁ%m g%par at us

according to th%e{dJisrtecﬁr@B)@éWePfa t%@ﬁf?ﬁété nvention; 10 FIG 2 is a

bl ock di agram show ng the arrangenent a plctyre'encoding apparatus to
whi ch a header mul ti pd&xd PoaNdky &0 EONEEP! o HRbES AL B BEEda ﬁ@g%génafto

the first enbodinment; FIG 3 1s a view for explaining an exanple of the 1S

data strugture QfsihPiatrye-assecdated aaddd on RftidegRuipll sodenstegam
output fromthe picture encodi ng apparatus according to the first

enbodi ment ; Fl Gedkdect ait @y Shtvd b eduexedmien Dy, the sds ugi 8f ec@ita frame
header code stream of the output 20 code stream output fromthe picture
encodi ng appar atius ageiorgliwigth cetherd i oSt s evdnoall newtdréd GBiSs i shat bl ock
di agram show ng the arrangenment of a picture decodi ng apparatus accordi ng
to the first entodfisarutivfelheogpreseiit a nventt onansr F| Gven i 5f atvé ew
showi ng a prediction structure for predictive encoding;
scheme can cope with such errors, considerable

io0 redundancy occurs.

Techniques have been studied to receive error
information and the like 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. In this method, the server needs to have
an encoding function and a function of adaptively
switching a plurality of files, resulting 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



FIG 7 is a view show 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 enbodinent; FIG 9 is a bl ock diagram show ng the arrangenent
5 of an output determning unit for a reference picture code stream
according to the first enbodinent; FIG 10 is a bl ock di agram show ng the
arrangenent of a decodi ng operation determsning unit for decoding a

ref erence picture code streamaccording to the first 10 enbodinent; FIG 11
is a block diagram showi ng the arrangenent of a picture encoding apparatus

according to the
Vi ew show ng th%

£

econd enbo

Py lor ShaERn Shq OB PEERE ok RN 88y FLfoxtly' P 2

is a

out put code st ream oyl LLOm LN RbEEULe eneadbagapaatal ks assordl gg to

t he second enbodl nen

| s a dragram sROWE N €~ af rangenent

of a picture deaaééflgoflg@%ﬁt Y8 éﬁEQ&ghageE@lE%né9CO”d 20 enbodi rent  of

the present invention;

is a di agram Showi ng t he arrangenent

of a picture encoding apparatusDaggqggh@@ & tthe dnltiitsh enbodi nent of the
present invention;

a picturesdecodi ng appaiat Hg apgerdi BF taet Beelkintdinvention to

FIG 15 is a block diagram show ng the arrangenent 25 of

provide a picture encoding method and apparatus and a

picture decoding method and apparatus which can quickly

recover from an error even if information is lost by

the error, exhibit high encoding efficiency, and need

10 not perform any re-encoding.

According to the first aspect of the present

invention, there is provided a picture encoding method

comprising a step of receiving an input video signal, a

first encoding step of generating a video code stream

15 by encoding the 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

20 stream with the reference picture code stream.

According to the 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 video

25 signal by using a reference picture signal for

generation of a video code stream, second encoding

means for encoding the reference picture signal to



enbodi nent of the present invention;, FIG 16 is a bl ock diagram show ng the
arr angenent 9 of a picture encoding apparatus according to the fourth
enbodi ment of the present invention; and FIG 17 is a bl ock di agram show ng
the arrangenent of a picture decodi ng apparatus according to the fourth 5
enbodi nent of the present invention. Best Mdde for Carrying Qut the

I nvention (First Enbodinent) FIG 1 shows the basic arrangenent of a

pi cture encodi ng apparatus according to the first enbodi ment of 10 the
present invention. An input video signal 131 is divided into a plurality of
predeterm ned areas f%rst f%ﬁan area d| |der d t hen sHbjected to the

fol |l ow ng not i oh- %%ﬁ% Risat 65%% tive© Peﬁ.%?g iF%%flSﬂ conpensa 15
tion adaptive R@§g££%9éx}&éfﬂ8£§§t§o§ 1L9 1¥§9ﬁ8;5%é3¥?§%$988 g8n i nput

pi cture signal dareference prc ure |gna € previous frane

whi ch i's stored.{ poan! sANeEMPLYC1d0andi as- ! teadyspeetengoded and

subjected to a Toca decodi ng tion conpensation is perforned for the

reference pictugensigpal ah4dubyubsthget BkSchRtiOn vector. This generates a
predictive picture signal (the reference picture signal after notion

conpensatg on) 142. ThecheHigg eenmpaasahied adpptitverptedi piesehtl sel ects a
suitable 25 prediction node of the notion conpensation prediction node and

the intra encodimgefipiedj ctheeepist previdgdabk pifrupeddeusdhggt hethogut

pi cture signal 132 for 10 encodi ng wi thout any change, and outputs the
predictive pictorepsighay d48teprpéspendinmgngoathénpekectdd ptedamti on
mode. A subtracter 102 subtracts the predictive picture 5 signal 142 from
the input pictueensegnang182vaddcoaeget stacpreabeeinedr byi gungpdéngop signal
133. The predictive residual error signal 133 is subjected to discrete

cosi ne transfor W ¢eRTH 9B L et BI6@KeﬁﬁVFﬁgpécﬁPyénCQﬁieStﬁeémf|rst

di screte cosine transf 103...10 DCT oeff|C|ent 134 obta&ned by the
discretel%osineo?£ah§?§ ﬁ?a?@caﬂéﬂgl?eae%§r8n§508ﬁ8 HuinfrZBR+104. A first
vari abl e | engt h.encod 1§ enc des Coéln E%g coeff%C|ents 1%

obtain a DCT cobtPFEi SREOUBRE SErEanti 38CORTHAI E15I BR5F - 20 naier BFéxes the
OcT 1> coetf i ¢l gahecgeee aﬁrssﬁk%§ﬁe&4;n 2nEihal VEELE sEadg,stpeam 144
obt ai ned by encodi ng ROt on vec ormat’i on"usi ng a second vari abl e
l'ength encoder ddZ2eribe hegukbantedat@nte YkRUkea8ign¥%hdegngodessthgam

= decoding step of decoding the video code stream

15 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 playback picture signal.

According to the fourth aspect of the present

20 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 obtained by encoding a reference picture signal,

25 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



20 On the other hand, the DCT coefficient |35 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 picture signal 142 to 25 generate a | ocal
decoded picture signal 140. The | ocal decoded picture signal 140 is stored
as a reference picture signal in the frameynmenory 110. 11 The reference
picture signal 141 of the previous frane output fromthe frane nenory 110
is encoded by a reference picture encoding unit conprising bl ocks denoted
by reference nunerals 113 to 115. More 5 specifically, the reference
pi cture signal 49A°FEPY peR1E of Dbt REFRBLRABL FBR ¥oABEnSafFfoRtA88Pt i ve
predi ctor 111 and t he s&cond discretg ggaine transf orne n the second
r

113.
di screte cosi necERSRRInEr 113, TR FentEepiic Mr@eiFG%éVe 1UPsng
subj ected to a <9Ae506$tae $8ena %Qf&%éﬂééofiﬁw@ﬁ’?!) Egﬁa‘i‘aSBtQ" ogls hayhng a
predet erm ned size.  The Ssecond quant i zer quanti Zes transform
coefficients |4 j hj at.k The,t bird La h
encoder 115 enc%dggé?%§€gﬁg%??z%gcggg%s%% ﬁ?%ogﬁgigbén€g?gx ggggkggg%an1(to
be referred 15 $o-asrg §6485ENES ebﬁ&yaeecgdﬁlﬁgbsem Berelpaf bephald?
obtained by the third variable [ ength encoder 11S is output as a frane
different fromthe video codgrstreaRstipthibe o2 PRAWEnd arrangement
equi valent to that 20 shown in FIG 1 which additionally includes a header
mul tiplexing unit 11F¥1&or 1addi agbfibakediaadens shAweapt tole ukiranybamerf@nages
the overall operation of the picture encoding apparatus. In this case, in
particul ar, theofoatpbttunetetdbdsrbeaepparbhbnseranplkkdingbtei ther fiihet
encodi ng node of outputting only the video code stream 137 or the encoding
node of out putténgodonent hefvibdeorcedenst iedank3?nand the reference picture
12 code stream 197. The control unit 116 al so generates_a frame header code
stream 1 48. The head8FCmuPt gl exPR§CHnLi a8 amgEheates tRE G FRCEsad
stream 149 by nultipl exing the video code stream 137, Befe ence 5 picture
code strean1147?faﬁdpfFEngh%ﬁﬂ@?legdépE?Fé HE148, Wi oétbﬁFdESde stream
149 is sent out_to _a transm Ssion_system or .storage_system. (not shagwn).
Fle 3 shows t o BsiRIERIRE, BP0 CorR Y POEaPAauBo e AFBYSHaREr ORGP Ernas
out put code Str?8”£ﬁé9f99EP“Emﬂgdﬁ&8Hkthe pi cture encodi ng apparatus in
FIG 2. In the conventional picture encoding apparatus, a reference picture

signal is not encodegrcand @ul ¥ 3R ehNBUL Wi@eQ 519l 2x@ngadeds FaL this
reason, a picture-associated portion of the output code stream 15 149 has a

data strusture fetgedcikueauenl yrt hepyctdegecadeostibeam p3¢thon. offr @ane #n,
Frame #n+1, Frame #n+2, ...) of each frame like that shown in FIG 3(a). In

contrast to thisutpntt hedpi stucemencagung fappatatupishone encbb®ng?2, as
shown in FIG 3(b), the reference 20 picture code stream 147 (Ref-Frane
#n+1) in an arbeppargtiisapecoedgng thethe £irpit Bmbpdamenits i nserted before
the (n + 1)-th frame (Franme #n+l1) in the video code stream 137. As a
consequence, the fralB§- are lfult Vpledk SGOMWE ngedr g8aMPRE &t pie code 25

stream 149. In contrast to_the _case %ho in FIG 3 b%, a reference picture
(147) may be i nS&Erteburper of phdrame header code stream of the output

20 code stream output from the picture encoding apparatus
according to the first embodiment;

FIG. 5 is a block diagram showing the arrangement
of a picture decoding apparatus according to the first
embodiment of the present invention;

25 FIG. 6 is a view showing a prediction structure
for predictive encoding;

FIG. 7 i1s a view showing error propagation due to



13 (n + 1)-th frame (137). FIG 9 shows an exanple of the structure of the
frame header code stream 148 contained in the output code stream 199. As
the node information of the code 5 stream Pic-type (picture type)
information is defined. As a picture type, R-Picture is separately defined,
which is the frame type of the reference picture code stream 147 unique to
this enbodinent, in addition to general |-R cture, P-Picture, and
B-Picture. Another 10 nethod may be used to recogni ze the reference picture
code stream | 47. The sane effects as descri bed above can be obtai ned by
this method. Wth &ﬁg%ﬁgegggg Eﬂ stanp indicating the display tinme of a

frame or the Iiﬁé? Srabi’é to 15 describe in an R-picture the

Ti mestanp of a frame ing this, J:..€ , i t: of
Assune that the ref _erFlei?de%p{lcr%lt ﬁaré}lgque?otg?%é( r%rg?j]fq{gs) aorrﬁle{’{hg)é{]g?é ({Jéﬁa@
error or a framg;usl By eheoreheicenes i ehlifcCede st Iedhdldedss om tted due

to an error. In this 20 case, suc nmestanp is effective information to

identify the associatriten ketiween gihe i i@y and dHhainRf eances Rirddua code
stream 147. In addition, using the sanme code stream structure as that of a
general fpame ebifmMafabespllie deeeessintipngofund tsFed al raddideneealp 2 ig cui t,
a general circuit can be used. The use of the schene of discrimnating the
nodes i n accor dabde wittrieamddeconridimrmttioonhien ftilrise reefoerineart; 14 i npl enent
a recovery function by not only encoding a reference picture signal used in
this enbodi nent but &lso Ykt ris endodiaig,difagr eax aipiwing Hédva argetndarears
itself, which is to be recovered froman error, and 5 inplenenting
redundancy. A r&dovedpcodidg oregatiea defledmdmied mpidndedi wgdadiagyance,
inthe intra node, a frame to be subjected to notion conpensati on adaptive
predi ctive encoditdGreq ¢ FeSitHTRt iGG oML SR80 & GAArSHmst itéh the dimRtpi cture
or the I'he. In this .case, when 10 it is determ ned on the transm ssion
side to ansni £ ﬁdﬁmﬁn%Vure, there is no need to send the code stream of
a correspondi ng gener fr i,y - Pi.ct ur . B-Ri.cture). Thi

enbodi nent is theref OE?I'IeG 'uslgfmt:jls( ?agrbqt%ce@ecﬁfaed&aﬁr\y/esehuog‘éln tah 5 r"’lal:"rell)saﬁﬁ1 %es“.‘%‘nt

path. 15 The bagj« aarpriq:ncgﬁ@ergn&fd&% ia%ﬂr%t%c%@é&%%rtﬁ) t e second

correspondi ng to the picture encodi g appar at us accor i's

enbodi ment W | | b LesEhtbes wHd grafmngedexthlda; 5. The output code
stream 149 output fromthe picture encoding apparatus 20 shown in FIG 2 is

input as an input codertrigamd & thiewigidwie degadidyg: apanadtisrd il 5

t hrough the transm ssion system or storage system In the picture decoding
apparatugb a headertudemdssod iexieny ponitti 200 fdeéahd toydpexessddee stqasm code
streaminto a video code 25 stream 231 and a reference picture code stream
241. A denul ti ploaxd@u2Fragrermlie iglabies tieodidab arrde adtre@n@gding dca DCT

coefficient code stream 232 and a notion
he 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 1is 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 arrangement



15 vector code stream 237. The DCT coefficient code tream 232 is decoded
through a variable | ength decoder s 202, dequantizer 203, and inverse

di screte cosine transformer 204 and reconstructed into a predictive r

signal 235. The notion vector code stream 237 is 5 erro decoded by a

vari abl e | engt h decoder 206. Mdtion vector information 238 reconstructed by
this operation is input to a notion conpensation predictor 207. The

ref erence picture code stream 241 denultiplexed fromthe input code stream
by a header 10 demultiplexing unit (not shown) is transforned into a
ference picture _signal. 244 thr ri.ahl.e | : 0

dequanti zer 210?%a%d%ﬁﬁ%g#§eQggéggg%é%% 5?%5 Sr%hs g?%%FFg%ﬁq%%hﬁgﬁggze

streamis then storadj.nfe g re%tzqgrvc?%i% A %%ﬁmti on vector 15

I nformation 238, the notion conpensation predictor 2 1 erforns notion

conpensation for a refRyence jpi of Wi dk HiHAarIhaliide iy ey sy drae
read out fromthe frane nenory 208 to generate a predictive picture O

signal (a referesce Ricituire Hedddlimf @pdRtheN a2 rdensald Ahe FHhr tAn
adder 205 adds the predictive Error signal 235 and the predictive picture
signal 248 to gaheddmera plfayhacorieiseny drsiegitalor?236. The back picture
signal 236 is output to the outside of play the apparatus and stored as a
ref erence picture signaBe25 Mpdet fierf Cameyiegooypt2@8e Inviehitscanbodi nent

t he picture encodi ng appar at us 16 sends out the information of a

ref erence pi ct url@ias ta Bmdfostigredd )pi ct ure code streamto the transmission
system or storage systemindependently of a video code stream The picture
decodi ng appar at us t Hel delccter’ss e Ratit e eiente Tode Ri¢laars t o
reconstruct the information of the reference picture., This makes it

possibl e to pr oS IAh@RAAYR e aFEART & d Dt Brirr . eMROYERENS 18dd
above, agéordin%'to t hi s enmhodi nent, the picture recovery ability upon 10
occurren of a For= 5% Hénﬁﬂb]6V€d. This effect will be further

descri bed bel ow. Consj der J@r‘ﬁe%ad%f%g{ deg, einscgc,gi\ah%é)cpe{@% op using a

C : in
prediction like that 's oW 1N hi's cas en an error occurs on

the vay as showlitdlliGy or Wikdet e ARARAES 40 B & P uhseguent
ranes using th
divider 101 and then subjected to the following motion
compensation adaptive prediction. A motion compensa-
15 tion adaptive predictor 111 detects a motion vector 143
between an input picture signal 132 and a reference
picture signal 141 of the previous frame which is
stored in a frame memory 110 and has already been
encoded and subjected to a local decoding. Motion
20 compensation is performed for the reference picture
signal 141 by using this motion vector. This generates
a predictive picture signal (the reference picture
signal after motion compensation) 142. The motion
compensation adaptive predictor 111 selects a suitable
25 prediction mode of the motion compensation prediction

mode and the intra encoding (predictive picture

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



predi ction. For this reason, such encodi ng operation generally uses a
periodic refresh nethod of periodically inserting a frane which can recover
froman error, if it occurs, i.e., an intra-encoded frame 20 (l-Picture).
Thi s however degrades the encoding efficiency. In contrast to this,
according to this enbodinent, in the picture decodi ng apparatus shown in
FIG 5, the reference picture signal obtaingd by decoding a 25 reference

pi cture code streamis separately held as the data of a reference picture
signal used upon occurrence of an error in the frame nmenory 208, as shown

i 17 FIG 8. This.data,] dtod d id d t wh
;2 error occurs?nﬁég.ngé?ltﬁ%ﬁgﬁﬁn%??ggggﬁguggglSgggggﬁgﬁﬁgrg?gbgggxgﬁgﬁgl

an er ur s°* 8 4 rBrerehte “3Fan:
whon an error RELFAtSettBPEh ohad DhEPeFESELRY, EekBRcPRYEath, “tecod ny

code streamis . tLo.rec f apparatus may al so be configured the
contents of thé&fgghéeh%ﬁnﬁ§g%0 pi cture decoded froma reference upon

occurrence of an errRrsuEtESE%é§n§©2p%ﬁb@&%c%@”&hgep%%ﬁ@%tixﬁi%i%%u&%rCib!y
replace 208 with a reference picture code streamIn the arrangenent of this

embodi meng, thesighal nmzb@foﬁftﬁ@deﬁpgenﬁnataeeisi@halphggyaﬁdenCOQing
apparatus increases by the extent to which a reference 15 picture signal is

separat el y encogethboulhi & preblienicanrbeigabvedrbyrogtputli ng3a reherence
pi cture code stream only when needed. For exanple, node information
i ndi cating a repeeenceipectasiduatieestroranipgsalr iBBensatubhecheddtof a
frame as franme type information 20 indicating the type of the frane. This
mode i nforma tidnstsebpargzédeonrahefpknt UPETénEodi rgchpparakubayiide go
determ ne whether or not to output a reference picture code stream _In the
normal node, nod9i€fRerehée phchuférebddiscresm roséneptransformer 303hows
t he basic_ arrangenent of  an outpuéédeterniningﬁugkt for such a reference

[

pi cture tbde stPeinfoshiicoabpat ‘dét ePRRARRY HNi CPPsIESEORPEr SPEETE 18 in,
f le, the_h | tiplexir it 117 in EIG _2..Ref i FI G
for sxarmle. e beagecorul Ll glexioocuntl, 1174016, gy CRtengin go

det erm ni ng P“'Eiégé’vﬁ@ksﬂlgeﬁ%@g&ﬂeénégaagepo%hbﬁc88§§ gh%ﬁ?gkbﬁ BCT
information indicating”a nornma ame or auxiliarrly added information. In

this enbodi ment ooLRe; EARHESCPEE BT 6BFL4ALal B €8dErSLAgRAM kBRLUdIi ng the

video code stream 137 and reference picture code stream|97. The additional
information detgtpbBng34Ni t p4RG16ebeERRES 0E0mWhet Beexak BAk bhirs code

streamis the reference picture code stream| 47 as additional information

15 coefficient 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.



A determnation result 432 fromthe additional information determ ning unit
401 is input to an additional information output determning unit 403. 15
This unit determ nes in accordance with state infor nmation 433 indicating
the current state whether or not to output the reference picture code
stream 147. Assune that the state information 433 is information indicating
whet her or not an error is currently 20 occurring. In this case, if an
error is occurring, the additional information output determ ning unit 403
determ nes to output the reference picture code stream 147. In the nornma

in which ' [ h f [ de. 147
35 det er m nes not. 07Dt PiE St RECPePOFBHEE Brethie dba8 'stPeah EX70UA

25 determi {000t el cod8 st
et or m i ng. o £2408 F8CRvEnerel o806 afEChenat YAt RE2 b RES Bt uni ¢

402 outputs thﬁ%rfé9%§§§8eC?Q?t?EéGQH&&éZggCQHEEiBSHRE?sﬁngoggiﬁkEea”‘435

i nput through the ad ona nfor mat 1 on determning uni as an

output code streamd38 L) ACEOrdaRcenwhEPaibe1dst epm Agti o pesul t 934 from
the additional I1nformation output determning unit 903. This makes it

possi bl e g0 ada@&é&@fﬂchl?Htth@eréﬁéﬁéﬁaéepﬁed@rﬁté@@ﬂh141413m§ hepae
prevents 10 unnecessary intormation from belng output in the nornal state
wi t hout any erros.bdthtbeepnctuor dempdhbgtappasabpysisboppedcEbG 151 the
reference picture code stream 24l may be input as an input code stream even
in the normal samdeth&oseddbneéxdimpbeetsuchstansesrancfodrea tase wheréhn a

|l ocal file is played back and a case wherein no adaptive transm ssion is
supported on t heetondsdisstrohestdeingntsashfarpvasellft tha befdeesncai ned on
the picture decodi ng apparatus_ side whether or not to decode the 20
reference pictuptctede sigeam 241 iF eubjecspdwsot Redbasretar FaAgBARNt of a
decodi ng. operatjon determ ning unit whjch decodes a reference pic¢ture code

stream n detEFﬁ?ﬁfﬂﬁmmﬁgFﬁgrf8F RBERt BlackoBaViRY FhPEedetBarAged

ti det 1 ni it is 25 i t in.the.head d | tiplexi
ohit 200 provi dstien o KBet peRid: BERFRZRPCE T4’ SuenEi PERg EFaSRTEmID, “an
i t d t 1 . I t : O,.addi t | Lt ti ‘
it code ot eag S ik B 81 c0pPI0 L LORREEOLGRTSLHOD ey

addi tional infopgptigle 18nhPhScREBQELNENE, chBB4LOPHhCRHEnEELEAM 531 is a
code stream containing the video code stream5 231 and reference picture

code stream 241t rJdheraddi tbenak ci BhesMt noBodet erreANgtdNbe 28kecdekar m nes
whet her or not the input code stream 531 is the reference picture code

stream 244. Thi Bodekeanrefktrencesppethoeneddbysusengy, htoeinxdapke, 1a0de
information 10 which is witten in frane type information and indicates a
ref erence picturkteddedsbyeshe Ahdetevarhablenlesgtht eb82deromibhes

addi tional information determning unit 50 is input to a decoding nethod
det ermi ni ng uni eutpBttasphe fisewet 614ECERLAENELPD RAEt Héedr cABE to decode
the reference picture coge stream 241. Information indicating whether the
current 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. In 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



decodi ng operation is |ocal decoding or an error has occurred is supplied
as state information 533 to the decoding nethod determning unit 503. The
decodi ng 20 net hod determ ning unit 503 determ nes fromthe determ nation
result 532 fromthe additional information determning unit 501 and the
state informati on 533 whether or not to decode the reference picture code
stream 241 contained in a code stream 535125 i nput through the additional
information determning unit 501. A decoding unit 502 perforns decoding in
accordance with a determ nation result 534 fromthe 21 decodi ng net hod
determ ning unit 503 .and out puts | ayback, si I 6., Wth this
operation, in t%oedsecasstereoafm Iulo‘g& eceg |gn%@%?lt‘ﬁlgl i%(%? ?]h%g p?%%%?%t%%c%di ng

apparatus_can he_sontyolhed 09l o degpaes addi b onala do L oL BLI 0P pd 0 the

normal state w any ansm ssion error, for exanp er erence

pi cture code Stypam 241 el s6as ded dyeibe desod pgediet hod et er i ni ng

unit 503 w thout being decoded. Assune that a frane to be referred to is

omtted and a %M@M@ﬁfi&t@r@i@@@r@éd@%@%m13/7 decoded.Recause an
error has occurred in the transm ssion path. In this case, since a

reference pi ct yiathetwidede t O Heondes 1 heapd aybark PéLAsF ecb8eNgtrsSimred in
the frame nenory, the reference picture code stream 241 is decoded to

repl ace 15 the pigturehstouigshit ncéde $taomnneddrys Jéms pueveots a
deterioration in the playback picture due to mxing of the error. This
appar at us can dlmsansmsiesaicmchystere of siecoagagsastehelrnteskodr) st ream and
replacing the reference frane with the resultant data only when an 20 error
has occurred. The reE&ptidnskede tha drte bbrechrrgupédatpidbvsde an entire
reference code stream upon receiving it regardl ess_of whether or not the
reference frane2350¢Er bed rRPY BEQY. O ThiRe epBblt hefedhast bedR Y2 cPrbRYt on
the prem se 25 that one reference frape is used, Howev a,pluraljty of

ref erencdd f r amesF Fay-hR %%%H?r?neT%?gi%%S%?p?¥aEHﬁ %%eségct%resfﬁfkgz
plurality of frames are added, the 22 er of ¢ d bits.may_ becone
xceosi valy | ar gt rasirit ho it reeiebro Rt Be rrlrrefisEcs e adon. only
a small area (& ey BELOD! 0Pk 10¢ 1DhS0883) afE anhusal LEy,el reference

frames which i e referred to in notron conpensation sel ected and

output as the ref@Le&NSL PL Lt UL €888t r epBY 281 s Behbbs, Case, a data
structure per nacrobloci repl aces the data structure per frame in FIG

3(b). Using thisiseheseasvkesatédpossibbe b6 aNOi susput nebeasstiamhe
nunber of 10 coded bits due to encodi ng of macrobl ocks that are not used
and to skve thelfinbes afdsvdestbutsurénfohmsdcisen antpdehst vidavi s
witten together with information indicating that macrobl ock information
out put as addi t¢edal stn¢amnhd7 oh--i EramentrobFoekeatnal 15Fsawei #nt2posi ti on
in a specific frame. (Second Enbodinment) FIG 11 shows the arrangenent of a

pi cture encodi ngt appak af Lanactbkei Fg2f oShANsERORECenP OBl meninof t he
present inventiggﬁtégsghgofkﬁfé'eggogﬁgeggbtgre encoding 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 frame, e.g., the (n + 1l)-th frame, is
inserted before the (n + 1)-th frame (Frame #n+l) 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



20 reference picture code streamis output as a frane different froma
vi deo code stream In the second enbodi nent, a reference picture code
streamis output as additional information for the franes of a video code
stream The sane reference nunerals as in FIG 1 25 denote the sane parts
in FIG 11, and only the differences fromthe picture encodi ng apparatus
according to the first enbodinent will be dgscri bed. 23 In this
enbodi ment, a reference picture code stream Z47 is input to a nultiplexer
|06 to be multiplexed with a quantized and vari abl e-1 engt h-encoded DCT
coefficient 136 and tign gcto gode stream 144. The resultant 5 data is
t hen out ?2 ; 5 3

put . th rrangene ‘reference picture signal required to

encode and decode a %Q%C|Q|%h &%n%npgxéﬂgl %fctd% %%r%ﬁﬂkh% %gd to t he

franme. More specifically, as Shows e reference plcture

code stream .147%5% ﬁ@ags #easa)e gftrfeiaﬁ (1Q8+ca1tta|1nfeﬁa% %%Og‘a% fa@d' tional

information in the sane tframe (Frane #n+1) in a video co e
stream 137. In Ebeeseheaemom@ddl m %h"eefn%ﬁ%nci%fB'rﬁﬁ‘ér:L%nC%qe the $biggamto a
specific franme on a small area (nmacrobl ock) basis as described in the
latter papt of theehin;sbierhggemaptictilte appanatuFocantise asselReTRedf.

mul tipl exi ng the video code stream 137 and the reference picture code
stream 147 on aAsuer phkackebaspe, 2@-@idtaddi ng, sepatrbeeliydee fande,st r eam

| 37, determ nation flag information indicating whether or not the reference
pi cture code stwbamhld? itheaddenet ¢yrespdcithiec redereblcecickuGe t®dshows
the arrangenent of a picture 25 decodi ng apparatus corresponding to the

pi cture encodi ngtagpar atils urA areGtol thivhembadameater énc @dddivdoal $0as in
FIG 5 denote the sane parts in FIG 13 24 and only the differences from
the picture dec88PRgeapparaCsrecring s t REC BrEf CENESdI mbROtRISEl be

descri bed bel ow. t.hi s epbodi nen denul.ti pl exer 201 denul tipl exes a
referencgopictuP@tg83em§¥r EmiSEE %g WRCORPEES @rF@%e§§n§&dPﬂFdH§F

information for a fra i deq,, code str romith V|d Q_code
stream 23l , |ndeﬁgﬁdegﬁﬁamo? 4 DC%hCOSF %&déssFFégﬁﬁg &n¢ Vot i on
vect or code strgg&n%@? b{gqnggrg&t%%h%x% t%% erence pi cture code stream 24|

i s decoded throug vari abl €°1 ength decoder 209, dequantizer 210, and

inverse discrete cosiyngn RRREHY MY 2Tk s dahmd hadildati rerhedl manp1 dyher eby
reconstructing a reference picture signal 244. The reference picture signal

obt ai ned by decedm@gotfhe rehekense thieCtiune,cade iSt peamersphel dcas 15 the
data of a reference picture signal used upon occurrence of an error in a

frame mewdry 208estirdbbeannecnoR-pdetnge tthies Tielatampe ofi et framdataing used
to decode the video code stream This apparatus may al so use the schene of
forcibly repl acithdsthé .eont éies Tédfezd afripe offy dfne mexdr fr208 .wi Bis stime
reference picture decoded froma reference picture code stream when an
error occurs. (tﬁﬁﬁdt@@bggﬁ@g@pye 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. 1In this
20 case, such a Timestamp is effective information to

identify the association between the frame and the

reference picture code stream 147. 1In 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



FIG 14 shows the arrangenent of a picture 25 encodi ng apparatus accordi ng
to the third enbodi nent of the present invention. In the first and second
enbodi ments, the reference picture code stream 147 is 25 generated by
encodi ng the reference picture signal stored in the frame nenory 110. In
the third enbodi nent, a reference picture code stream 197 is generated by
encoding a reference picture signal 5 (predigtive picture signal) after
notion conpensation. Tn this notion conpensation, a reference picture
obt ai ned by selecting optinmal portions fromthe reference picture signal

t d i f 110 I [ i nl : bl ock
basi 9) 15 10 gondPalTYELt of o TROTRE T P06 BRnaty o Forh LRy e Tredafl en” °°
f ict i 42 _ af i | ' . S] | ect ed
[ om & rof or once B CTORE & ral” 141 Srorol rh The Tt an nelafy i TpuEn o° ©

macr obl ock basi s,; 45 f@ﬁf&léﬂgo&PhEIG%o§4ex£ﬂ§ééef@ﬁ@gEgrEéEtP£§m§ gna

i
142, which has undergone notion cofrpensati on el ected on”a macrobl ock
basis), output fiogear mohhoeh COIPENSBEI PBC3HaPELVEr DR edh CEpFot 115§ encoded
t hrough a discrete cosine transforner 113, dequantizer 114, and 20 variable
| ength encpder 1lifpldsedt Copseadenssncyhe Reteceneey PEChUE ok 0ggnSheeam 147
is generated. The reference picture code stream 147 generated in this
manner i s out putimpleméniae® dif éecedinfr om tesnoé, aini thee toteashoeam 137
as in the first enbodinment, or 25 output after inserted as additional
information in theffamaetofbehsuljdebedote ot eam ¢SWpeassahioheadepgbide
enbodi nment . 26 FIG 15 shows the arrangenment of a picture decoding
appar at us accor d@hgAt et e seeapdingendndhienli eorE tBPopasytBod@eipfetrure
encodi ng apparatus in FIG 14. A reference gicture code stream 241 after 5
noti on conpensatfehiCniBheR sRABHGERFBI 8Xeliler bikehe FRpERiEoBRSEt rEBRDY a
header denul tipl exin njt 200, .is a,code stream obtai ned encodi ng a
ref erencet ictur%és? ng?L%T?é?eﬂD?PoﬁhEoﬁ5%ﬂ§ﬁfFﬁh?na§l§%s€¥iBﬁﬂnﬁ?%
reference to FIG %ﬁ; Thgs codghstrean1ig decgdgd 10 %hﬁough ? va£iable
| ength encoder 289, NdbHusRtF2zer3418, 18niCi RVEFskC df 887 et B coRFReS T Eam
transtormer 211 .4s,a60PSEOURAER, BehEEET CREERD! ChUIS1S! ONBLp2dg,pLI S
noti on conpensation i s reconstructed. e reconstruttéd reference prcture
signal 244 aftergnpiéenrdp, COMREsSahbOAiment NPt thOrardPLi QB 8QIPEHSAL I ON
predi ctor 207 instead of a frame nmenory 208 as in the first and second
enbodi ments. FortexagpEectiienuss errar teeashsssibe pethon conpensation
predi ctor 207 can output the reference 20 picture signal 244 after notion
conpensati®n whi ch i sThecbasticuetrednigemehé aliowepirabnes dscadpnegdi ctive
picture signal 240 instead of input notion vector information 238 and a
reference picturapségabiis2@orfespondéntr faethenpigtens. eRgodtrordi ng to
this enbodi ment, even when a plurality of reference pictures are to be used
whil e some mani p@PBEFBRYSaprecappinedtPhehésocmbpdipgnbruhtd be

described with reference to FIG. 5. The output code
stream 149 output from the picture encoding apparatus
20 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. In 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



27 picture signal 192 after notion conpensation is encoded, which is a
predictive picture signal directly subtracted, by a subtracter 102, from an
i nput video signal 132 after area segnmentation. The reference signal 142 is
used as a signal for restoration upon occurrence of an error. This nakes it
possi ble to solve the above problens. In many cases, a picture frame
subjected to predictive encoding is pregictively encoded while it is 10
sel ect ed whet her predictive encoding (INTER node) is perfornmed on a
macr obl ock (snmal| area) basis or intra-franme encoding (I NTRA node) is
performed. In this case, since there i nngﬁeg@@ffy@i@mttuméesignal in any
intra-frane-qﬂﬁgggp(ﬁﬁg§obﬁn®MB,2$?-a. terence 15 pi cture signal is output
as one frane,” an unnecessary portion may Re,predusplle Lenpsht HEFEREF e
possible to sg{@gémamﬂzsisrée@ﬁ@e?eFEan e picture code streans 147
required for decoding operation _gn a gaggg@&g@kdbaskst&sCW@PPeas storing
reference picpygpe geqoahtizgrt K8>20°Frame menory on a frang Qﬁ§k§. (Fourth
Enbodi ment) The first to third enbgg%g§ﬁ§§uh@weﬂﬂﬂﬂnﬂiHQQﬁfq case
wherein videotQ@@@dbm@dns%QQWQ5qﬂ§ y a conbi nati on of nntiqp f@gpﬁpsation
prediction, discrete 25 cosi tergﬁﬂHﬂmoﬁNMEnﬁQ%H¢Q#ﬁ S arT abl e | engt h
encodi ng, Fbm&y&nqrt&ﬂﬂﬁﬁ%a “inventionis not limted t §H§H an encodi ng
schenme. For exanple, the 28rP£§§gn1eﬁ@wmndé©@d%§nz%@'ap Pred to
next - gener at i cdecr@edi Py ¢ ethniGues such as wavel et en&ﬁggngpeEbEﬁoﬁG shows
t he basic arrangenent o amgkggﬁr@36n@edbngtapﬁﬁﬁﬁtﬁ¥ ich Ts generalized
in consi dera5 veeRo®f L84RA"Var I ous pi cture encodin di%@gqego7Referring to
FIG 16, a picture enco i.n %@kﬁthQbm@ﬁ®@@§§°§on put” picture signal
(mainly a videdssitghal) 7931 using a referen(aéﬁé%éﬂea4mgnal to output a
pi cture code streanhhﬁg%ef@xbﬂﬂanpmqt@ﬁ%dﬂ¥%§ nit 10 1901 may use any
ki nd of encoding schene as long as it |s qésggﬁggﬂyﬁégm)myrafﬁﬂ@@%@ pi cture
signal. A refe&;q{1 ﬁgﬁiégédsfgmajtﬂ@sng% o y the picture encodi ng unit
1901 i s ¥hcoded Dy a reference picture en%§gﬁggigntiaigﬁ@rmﬂd &0EPUt as a
reference pictu&g%&ﬁtgpﬂ@xsngeah1§9329tF? shows the basic irraﬁgenent
of a picture decodi ng appar at us corresanghnghkeugheapVat&ﬁblén §8hg
apparatus in FIggfééenéerpﬁétéﬁéestEPure code strean12032,denu|2§plexed
froman input code 20 streamjs de%gq%q by 03 maﬁedaw@ésﬁi@HﬁFge&ECOding
unit 2002. As ae@@b@equéﬁée,dé erence picture signal 2033'ﬁ%n
reconstructed. A picture cgﬁf %%Lg@§h203hhkﬁnHquﬂ Wr%ﬁn% e i nput code
streamis decodediypea ikt Y teco ing unit 2001, In tmﬁkéggﬁ,véétdhe 25
reference picture signal 203§rgﬁgqm§méﬂpt%@8by'Q$kpgeﬁ%ﬁence pi cture
decodi ng it 209%8G st As a reference picture siggf&n phigistgnakotan be
used as 29 necessary. gg%fgggﬁnbndimehiynlﬁO@Eﬁ%? , _when a reference
picture is encodt®tPh ?Ee NTRA node, an error isapgggggggcbepmeenrehis 5
reference picture a@gr&gemg&ﬁghnabmpehéﬁéheé 695ture ue to quanti zation.
For this reason, PPA encodi ng operation,, theﬁgkﬁ&y&%a%n@@ﬁedrsmgmme obt ai ned
e

by conversion/ encsg%in%q and qufardhiez ey VS as a reference picture
instead of a reféren

ce picture signal 10 a Pl it d i es I T By
transmitting thi sesiggnatennse ar G i%ﬁrasce{‘ere;ﬁfge A A
to the decoding apparatus side, a systemffgesigoam eafoes BREL e
q“a”tizalifglcan Qﬁgﬁ@ﬂliaeuefgge%g g € present invention iQ'CQHpEnatiOn
e i An adder 205 adds the predilc
compensatlon) 240. . o
icti icture signa
ignal 235 and the predictive P
error S
i ' 236. The
ate a playback picture signal

to gener
ure signal 236 is output

to the outside of

layback pict . ' l
i d stored as a reference picture signa

25 the apparatus an

in the frame memory 208.

he picture encoding apparatus

In this embodiment, o



15 a feedback information RTCP inplenenting RTP (Real -time Transport
Protocol) or the like, the effect of the present invention can be enhanced.
This is because when error information of a network is sent fromthe
reception side to the transm ssion side, the infor 20 mati on can be used as
a condition for determ ning whether or not to transmt additional
information. If, for exanple, it is determ@ed fromRTCP that an error has
occurred, the reference picture code streamof the next frame is
transmtted to the reception side. 25 Picture encoding and decoding in the

pr esent inventlggl%gsgrkbggeaggggrgg¥lgg gpleggggggngg pgrl reaéoﬁppart

or all of proce arented®b ware uter.

such softvare (cQEDHLAL.PL2OERTL %ﬁgbet%%rw%ﬁ@ %ggﬂﬂggke@?kecorded on

a recordi ng nedi um suc a sen conductor nenor can be

distributed 5 thyough ért§€8§Hb%5b?@tgﬁthﬁbéeﬁBeﬁ%l§ b2di0ghapneLqer
wire. As described above, according to the present invention, the recovery

abi ity upon ocgdrkgnce oheapietnee @aBoBengmRpP¥ed ikt RAWh aB¥odes
deterioration in 10 transm ssion efficiency. In addition, processing within

an encodifng frappworkfapdnpeepacicngeakbddataratmt he te&an@traa@odh@g\mll
elimnate the necessity to performre-encodi ng, conplicated processing at
the tine of transfiossethipnonft hiel rk€eréhicse pakésriet pGhisbhekds ta
construct a sinple picture transm ssion/reception system |Industri al
Applicability Aspohasbbeehodesopebéd aboeeyithe thiedeccemeceticrgodndndecodi ng
apparatuses according to the present 20 invention can be used for a system
desi gned to conpFE&SEi-onhEnEEEETRPEAURESVEN ACSAEPANENter #htFon anount and
transmt or store the resultant data in a videophone, video conference
syst em portablémpﬁ§6WﬁﬁFvoﬁhFePﬁFﬁHFe H?SPWEFYVPHéélHWsHP§9Sten1 and 25
digital broadcastin pi cture encodi ng

net hod c% ri si AG uéngF§¥%§n88d ﬁ§°§t§6nAP géWBFQFF g a video code stream
by encoding a video %%q@alffgcQgP% 16E%r%%%%h%xpﬁ% bg%%howa second
ere

encodi ng step of generatlng
Consider, for example, video encoding operation using a

prediction like that shown 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 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 signal used upon occurrence

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



pi cture code stream by encoding the reference picture signal; and a

mul tipl exi ng step of generating an output code 10 stream by nultipl exi ng
the video code streamwith the reference picture code stream 2. A picture
encodi ng net hod according to claim1, wherein the first encoding step
stores a |l ocal decoded picture signal generated in a process of 15 encodi ng
the video signal in a frame nenory, and the second encodi ng step encodes
the reference picture signal read out fromthe frane nmenory. 3. A picture
encodi ng net hod according to claim1 or 2, wherein the reference picture

ignal I's Tormed 20 frome plytal ity ofopl ch Ui shanal o 9bs 2kngd by

subj ecting the coded novihg picture 10 oca ecodi ng. 4. pi cture

encoding appar aluis, SOMRL 91 en EANS LOF LECELY! NOTAD: | DRULHEASRo ST gnal

25 first encodi ng neans r ‘encodi ng the video signal by using a reference

pi cture signal éf&&ﬁ”E%éGFS?-yiggPeEQggefﬁiéﬁﬂ}e s34n8ecPRgegnERMI Ng neans

for encoding the reference picture signal  to generate a reference picture

code stream angh-4pH ¢t DYEXERNGoABIGSwiBF RUbhi phexbnggt ervédencgods 5
stream and the reference picture code streamto
5 used. Only when an error occurs, a reference picture
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 total
number of codes generated in the picture encoding
apparatus increases by the extent to which a reference

15 picture 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 stream 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



generate an out put code stream 5. A picture encodi ng apparatus accordi ng
to claim4, wherein the first encodi ng neans includes a frane nenory which
stores a |l ocal decoded picture 10 signal generated in a process of encoding
the video signal as the reference picture signal, and the second encodi ng
means encodes the reference picture signal read out fromthe frane nenory.
6. A picture encodi ng apparatus according it 15 claim4 or 5, wherein the
reference picture is fornmed froma plurality of pictures obtained by

subj ecting the encoded noving picture to a |local decoding. 7. A picture

di di |l aiim 4, wh i he, fi . i
Thol udes o’ 20 1itkrel forr YT onas drecce | BEEt b etuea bR s et
generated in a pfocess 9&e§§£99ﬁ£9%§hﬁi¥!d§9 §¢99§éug$cé$§ £€%8£ﬁ“8§1
pi cture signal, ‘and notion conpensation meahs for Subjécting to notion

conpensation the rgfarence i ciy e shonal iﬁﬁéﬁnﬁeioﬂra&éﬂm?n{;raﬂ?t.

menory, and the second encodi ng nmeans encodes the reference picture signal

after motion coppensaiion BytéheiNds | Whe €QIPEPSALi OHa8EPSeam 33 8. A
pi cture encodi ng apparatus according to claim9, wherein the multiplexing

means i ng@ udes fifStmaei &f MimdNga veagSa f 06 ridel ef Ahme ngr waekhei api1pot the
i nput code stream containing the video code 5 stream and the reference

pi cture code stadded i snfdensefenencenptict sir emsodéemstht pathesenpnd code
determ ning neans for, when the first determ ning neans determ nes that the
i nput code strestwéamthel ref ez encde pstreae todéudingahhedeideani nodg whet her
or not to output the 10 reference picture code stream and
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
information determining unit 401 is input to an
additional 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



out put means for outputting the input code stream as the output code stream
in accordance with the second determ nation result. 9. A picture decoding
nmet hod conprising: 15 a step of receiving an i nput code stream containing a
vi deo code stream obtained by encoding a video signal and a reference

pi cture code stream obtai ned by encoding a reference picture signal; a
first decoding step of decoding the referen¢e 20 picture code stream
contained in the input code streamto generate a first reference picture
signal; and a second decoding step of decoding the video code stream

cont ai ned i n the, Loppl codesstreamibyesel genl vely #shngope, gl 8, sggond

ref erence pi cture signa al ne roma reconstructed picture Ssi gnal

and the first r€€e£§98§5§%EtHﬁft559§?' &Hegéﬂﬁﬁé eufi Pl ay ashtghegure

si gnal . 34 10. A pict decodi ng nmet hod according to clarm wherein

the second decogidgrstePesLOr €54t hstpbaybagh, pLehEhenalignal sasohbe second
reference picture signal and stores the first reference picture signal in 5

a frame nenory, sendadecvdesnphie vhee@gaodReShagaNL Biasel aebirmakYoheadi ng
out the second reference picture signal and the first reference picture
signal fromthedétaneinengrynifil40A, past sheodepati sgdeethodancessding to
accordance with the determination result 434 from the
additional information output determining unit 403.
This makes it possible to adaptively output the
reference code stream 147, and hence prevents
10 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 example, 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 decode 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 upocn 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



10 claim9, wherein the second decoding step includes a step of storing the
pl ayback picture signal as the second reference picture signal in the frane
menory, and decoding the video code stream by replacing the second
reference picture signal stored in the frame 15 nmenory with the first
reference picture signal. 12. A picture decodi ng apparatus conpri sing:

i nput nmeans for receiving an input code stygeam contai ning a video code
stream obt ai ned by encoding a video signal and a reference picture code
stream 20 obt ai ned by encoding a reference picture signal; first decoding
means for decodipg the reference picture code streamco ined.in the input
Code stream to Yomararih Tt O E SEE R B e Tbar Tantielond "

Cog st ameans dofe ARAREL Nehd IR 1 980 G0N E - 50L Ca COR 84 "M} B biflgy | D!

code stream by selec tive usi ng one of a second erence picture Signa

obt ai ned from a [&£cORSt{YCt edr,pi ot 1§ b idheANd {RE linéggfi:éAéé_ setergnce

picture signal to generate the playback picture signal. pi cture

decodi ng appar a{ s a£COrEhdg 4Or £hRi BdALZa 1 MICE ef He t Hea88COPHe dgEPELRY NMEANS
includes a 5 frane nenory which stores the playback picture signal as the

second ref erencEspiLAdiree Sehrate pogethercydié hstheahi 28t . refreence picture
signal, and decodes the video code stream by sel ectively readi ng out the
second ref er encedgi ciamal sighadmandon héeférsiniedenente50D getéumenss gna
fromthe frame nenory. 14. A picture decodi ng apparatus according to claim
12, wherein thesieéther decotdhgtmeaispyenerde esttbamf bBst isetbeence picture
signal by decoding the reference picture code stream after notion
conpensati on 15-ekeeen¢e RbAtarecdedd $heeanpatl codBhssrdahprahdathensecond
decodi ng nmeans jncludes a frame nenory_which stores the playback picture
signal as the sEToPRFFRFRPENRY PFERUr eI QT gP%RETPLAd HOER oA EBRPRRLERI ONn
means for_. subject| pne of a second reference, piLcture,signal, 20 read out
fromthet%rane %%h%gyl%HﬁF%EEe?i+%tg¥%?%ré¥8% gt?ﬁ?%gé?ﬁnanto not i on
conpensation. 15, A piciture i ratu C i to claim12,
further conpris}%%l?gté% %e%%f%?%+§g §§§§%9%o§°§§t§?%$%ﬁhg whet her or not

the input code stream ya:éenilg:!sherelaePEshUresfOdReSLERAM orggond
g nmeans for, en the first determning neans determnes that the
input code stregh¥hsmiPor CALEERRENPHEI WAL 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
occurred 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



36 code stream determ ning whether or not to decode the reference picture
code stream and decodi ng neans for decoding the input code streamin
accordance with the second determ nation result. 5 16. A picture decodi ng
apparatus according to claim 12, wherein the second decodi ng neans i ncl udes
a frame nenory which stores the playback picture signal as the second
reference picture signal, and decodes the2u deo code stream by repl aci ng
the second reference 10 picture signal stored in the frame nenory with the
first reference picture signal. 17. A programfor causing a conmputer to

execute pictur %ete%gﬂg)i gnu ehgoc(fs&@eqfﬁneﬁﬂ}igﬂ{in@ %ié}?&'to%ﬁg& signal, the

program causi ng 0 exec a process of rating a video

code stream by epgle%ga%gaw 44 ea}vli degs si gpaly usifg d@éﬂ@{&@,ceirpi@ﬁ@r@ﬁ gnal ;

a process of g Ing a erence picture co stream by ‘encodi ng t he

reference pictye 15 gnalde N 20 & pnacessof ganesati N afe QY code
stream by nmultiplexing the video code streamwth the reference picture

code stream 1&ppdfHQH Al We CAMSE L Pe £LAHBUNES dOSXECIN®E t BoPfDCESS of
receiving an input code stream 25 contai ning a video code stream obtai ned

by encodisng a virdearsdigngl . anth acneference piLiane coslet sigam obt ai ned by
encodi ng a reference picture signal; a process of decoding the reference
pi cture code stireamnticdiaimezriaor t hisor rAnEoee She eoefd¢vegyemerbtenee fir st
reference picture signal; and a process of decoding the video code stream5
contai ned in thwdapirewde &t riemiscaededthyetlye ud¢erdome dtkodecond
reference picture signal obtained froma reconstructed picture signal and
the first referdafcarmpineing aisignd 3 1wl gerick RelrhedpfedRck BIeEL e signal .

19. A video code stream obtai ned by mul ing a 10 video_code stream

tipl
obt ai ned by subji¥th ithgt LS ntﬁjtb%i’"g‘?%?r’f‘lcfﬁ)n’ief%(i bh EBhpePE AR predictive
di d f pi ct d t bt ai ned by ind dent |
encodi ng o ref SEHEATT QA E1SF GRS Qi (or TihbL Fotr SR D AR ats TP
an . . em '
PAN Ast . As. As. ALLZORGRS RGEUTETY AP AP WRRSTIHESHO PR A of Tk TS a0 AgU

\-A9U9-A&PL-Ahkxﬁ§$¢-§¥Bc fﬁ“f%fé%eﬁﬁéﬂﬁﬁcfﬁréyfequired to decode the
CAs. AL. A{" . A&h T A&U A{L.A .9

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 plurality
of reference frames may be used. In this case, if all

the pictures of a plurality of frames are added, the
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information indicating 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. In 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.



10ii!11"10% i & ()-K ! 1"10% ()-K

] 10%&' ()-9% 10%&' ()-g' % 10%}& ()-gn"10% & ()-e! " # % gl ?@

10ii!' 1 10967G& ()-!' I 1090D& ()-!x F'109%& ()-Z 'i F'109%& ()-Z ss109%& () -

10ii 10ii1 WUR@ 10ii 10j5j 5

10j 5j 5!y) "10% 5j 5& ()-!y) " 109%WE ()-!y)" 109 W & ()-! ni' 10% WW& () - ! ni' 109RR
& ()-.e{oM @10% & ()-x!!10%s& ()-x 310%s& ()-![ "10%gg& ()-z!d

"10% {& ()-zs 10%g& ()- 10j 5j 5{Ha3}[ 9+@

10! /" 10%&' ()-'!/"10%CeC& ()-'!' "10%gg& () - X

a0%E ()-"10%8 ()9 4018 (): SR L AR (): Gk, HOKL1 B
is input to a multiplexer 106 to be multiplexed with a
guantized and variable-length-encoded DCT coefficient
136 and motion vector code stream 144. The resultant

5 data is then output.
With this arrangement, a reference picture signal
required to encode and decode a specific frame of a
video code stream is added to the frame. More
specifically, as shown in FIG. 12, the reference
10 picture code stream 147 (Ref-Frame #n+l) of the
(n + 1)-th frame becomes additional information in the
same (n + 1l)~-th frame (Frame #n+l) in a video code
stream 137.
In the scheme of adding a reference picture code
15 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
20 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.
FIG. 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,
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and only the differences from the picture decoding
apparatus according to the first embodiment will be
described below. 1In this embodiment, a demultiplexer
201 demultiplexes a reference picture code stream 241,
which is inserted as additional information for a frame
of a video code stream 231, from the video code stream
231, independently of a DCT coefficient code stream 231
and motion vector code stream 237. The demultiplexed
reference picture code stream 241 is decoded through a
variable length decoder 209, dequantizer 210, and
inverse discrete cosine transformer 211 as in the first
embodiment, thereby reconstructing a reference picture
signal 244. The reference picture signal obtained by
decoding the reference picture code stream is held as
the data of a reference picture signal used upon
occurrence of an error in a frame memory 208. When an
error occurs, this reference picture data is used to
decode the video code stream. This apparatus may also
use the scheme of forcibly replacing the contents of
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
encoding apparatus according to the third embodiment
of the present invention. 1In the first and second

embodiments, the reference picture code stream 147 is

10 10
()-
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generated by encoding the reference picture signal
stored in the frame memory 110. In the third
embodiment, a reference picture code stream 147 1is
generated by encoding a reference picture signal

5 (predictive picture signal) after motion compensation.
In this motion compensation, a reference picture
obtained by selecting optimal portions 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 signal
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 1is output in a frame different from that of a
video code stream 137 as in the first embodiment, or

25 output after inserted as additional information in the
frame of the video code stream 137 as in the second

embodiment.
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corresponds to the picture encoding apparatus in
FIG. 14. A reference picture code stream 241 after

5 motion compensation, which is demultiplexed from the
input code stream by a header demultiplexing unit 200,
is a code stream obtained by encoding a reference
picture signal after motion compensation, 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 memory 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
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encoded, which 1s a predictive picture signal directly
subtracted, by a subtracter 102, from an input video
signal 132 after area segmentation. The reference
5 signal 142 is used as a signal for restoration upon
occurrence of an error. This makes it poésible to
solve the above problems.
in many cases, a picture frame subjected to
predictive encoding 1is predictively encoded while it 1is
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, an unnecessary
portion may pe produced. It is therefore possible to
select and store the reference picture code streams 147
required for decoding operation on a macroblock 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 2
combination of motion compensation prediction, discrete
25 cosine transform, guantization, énd variable length
encoding. However, the present invention is not

1imited to such an encoding scheme. For example, the
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encoding apparatus which is generalized in considera-
5 tion of such various picture encoding schemes.
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 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 encocded by a reference picture
encoding unit 1902 and output as a reference 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. In 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
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(Fifth Embodiment)

In general, when a reference picture is encoded in
the INTRA mode, 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
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 Protocol}) 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 described above may be implemented by

hardware, or part or all of processing may be
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semiconductor memory or CD-ROM, or can be distributed

5 through a transmission medium such as a radio channel
or 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 encoding framework and preparing all data at
the time of encoding will eliminate the necessity to
perform re-encoding, complicated processing at the time
of transmission, or the like. This makes it possible

15 to construct a simple picture transmission/reception
system.

Industrial Applicability

As has been described above, the video encoding
and decoding apparatuses according to the present

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

25 digital TV broadcasting system.
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5 picture signal;

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

a multiplexing step of generating an output code

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

2. A picture encoding method according to
claim 1, wherein the first encoding step stores a local
decoded picture signal dgenerated 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 memory.

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;
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stream; and

multiplexing means for multiplexing the video code
stream and the reference picture code stream to
generate an output code stream.

5. A picture encoding apparatus according to
claim 4, wherein the first encoding means includes a
frame memory which stores a local decoded picture
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 out from the frame memory.

6. A picture encoding apparatus according to
claim 4 or 5, wherein the reference picture is formed
from a plurality of pictures cobtained by subjecting the
encoded moving picture to a local decoding.

7. A picture encoding apparatus according to
claim 4, wherein the first encoding means includes a
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
frame memory, and the second encoding means encodes the
reference picture signal after motion compensation by

the motion compensation means.
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claim 4, wherein the multiplexing means includes

first determining means for determining whether or
not the input code stream containing the video code
5 stream and the reference picture code stream is the
reference picture code stream, second determining means
for, when the first determining means determines that
the input code stream is the reference picture code
stream, determining whether or not to output the

10 reference picture code stream, and

output means for outputting the input code stream
as the output code stream in accordance with the second
determination result.

9. A picture decoding method comprising:

15 a step of receiving an input code stream
containing a video code stream obtained by encoding a
video signal and a reference picture code stream
obtained by encoding a reference picture signal;

a first decoding step of decoding the reference

20 picture code stream contained in the input code stream

to generate a first reference picture signal; and

a second decoding step of decoding the video code
stream contained in the input code stream by selec-
tively using one of a second reference picture signal

25 obtained from a reconstructed picture signal and the

first reference picture signal to generate a playback

picture signal.
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10. A picture decoding method according to
claim 9, wherein the second decoding step stores the
playback picture signal as the second reference picture
signal and stores the first reference picture signal in
5 a frame memory, and decodes the video code stream by
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,
and 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 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 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
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first reference picture signal to generate the playback
picture signal.

13. A picture decoding apparatus according to
claim 12, wherein the second decoding means includes a
frame memory which stores the playback picture signal
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
reference picture signal and the first reference
picture signal from the frame memory.

14. A picture decoding apparatus according to
claim 12, wherein the first decoding means generates
the first reference picture signal by decoding the
reference picture code stream after motion compensation
which is contained 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 cone of a second reference picture signal
read out from the frame memory and the first reference
picture signal to motion compensation.

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

that the input code stream is the reference picture

10"
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decoding the input code stream in accordance with the
second determination result.

5 16. A picture decoding apparatus according to
claim 12, wherein the second decoding 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 generating 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
picture code stream.

18. A program for causing a computer to execute:

a process of receiving an input code stream

25 containing a video code stream obtained by encoding a

video signal and a reference picture code stream

obtained by encoding a reference picture signal;
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a process of decoding the reference 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
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
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.



