1 Description METHOD AND APPARATUS FOR ENCODI NG AND DECODI NG

MULTI - VI EW | MAGE Technical Field [1] Methods and apparatuses
consistent with the present invention generally relate to encoding
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[6] In FIG. 1, each row shows an image sequence from each view for a multi-view image
over time, and each column shows an image sequence from views 0, 1, 2, through to 7,
sequentially from top to bottom. The view 0 is a base view and an image sequence in
the first row is from the base view. Pictures included in the image sequence from the
base view are predictive-encoded using only temporal prediction without using inter-
view prediction.

{71 Each column shows multi-view images at same point of time. Pictures included in
colurnns 110, 120 and 130, in which an image from the base view is an I picture, are
referred to as anchor pictures. The anchor pictures are encoded using only inter-view
prediction.

[8] Pictures included in the remaining columns except for the columns 110, 120 and 130
including I pictures are referred to as non-anchor pictures. The non-anchor pictures are
predictive-encoded using both temporal prediction and inter-view prediction.

9] Among sequences illustrated in FIG. 1, a picture 141 in the second row and the fifth
column will be taken as an example. Each block included in the picture 141 is
predicted using inter-view prediction and temporal prediction. Since a prediction



colum will be taken as an exanple. Each bl ock included in the
picture 141 is predicted using inter-view prediction and tenporal
prediction. Since a prediction 2 nethogl may differ fromblock to
bl ock, reference should be nade to pictures 142 and 143 in
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decodi ng. Despredigtiprobased obexmicted $nformation are not referred to for inter-view prediction.
Since inter-view prediction can be efficient]y performed at high speed, the speed of
multi-view image decoding also increases.

[13] As described above, according to the present invention, only some pictures included
in multi-view image sequences are predictive-encoded and decoded using inter-view
prediction during encoding and decoding of a multi-view image, thereby speeding up
the encoding and decoding,

[14] Moreover, when pictures that do not use inter-view prediction are predicted, only a
small number of pictures are referred to, thereby allowing the efficient use of a
memory required for predictive-encoding and decoding,

Description of Drawings

[15] The above and other aspects of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with reference to the attached
drawings, in which:

[16} FIG. 1 illustrates sequences of a muiti-view image according to a related art;

[17] FIG. 2 is a block diagram illustrating an apparatus for encoding a multi-view image
according to an exemplary embodiment of the present invention;

[18] FIG. 3 illustrates temporal levels of sequences of a multi-view image according to an
exemplary embodiment of the present invention;

[19] FIG. 4A illustrates sequences of a multi-view image according to an exemplary em-
bodiment of the present invention;

[20] FIG. 4B illustrates sequences of a multi-view image and their temporal Jevels



[15] The above and other aspects of the present invention wll becone
nore apparent by describing in detail exenplary enbodi nents thereof
with reference to the attached drawingsg in which: [16] FIG 1
illustrates sequences of a nmulti-view inage according to a rel ated
art; [17] FIG 2 is a block diagramillustrating an apparatus for
encoding a multi-view inage according to an exenplary enbodi nent of
the present invention; [18] FIG 3 illustrates tenporal |evels of
sequences of acemding tovancagemphgeembotimetitiod the praenteéxenpbdar y errbo](cjl ment
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| mage accordi {%&nother exemplary embodiment of the present invention;

[26] FIG. 9 is a block diagram illustrating an apparatus for decoding a multi-view image
according to an exemplary embodiment of the present invention; and

[27] FIG. 10 is a flowchart illustrating a method of decoding a multi-view image
according to an exemplary embodiment of the present invention.
Best Mode

[28] According to one aspect of the present invention, there is provided a method of

encoding a multi-view image. The method includes determining whether each of
pictures included in sequences of the multi-view image, which will hereinafter be
referred to as multi-view image sequences, is a reference picture referred to by other
pictures included in the multi-view image sequences for inter-view prediction, and
encoding the pictures using at least one of inter-view prediction and temporal
prediction based on a determination result.

[29] The encoding of the pictures may include encoding a parameter for each of the
pictures, which indicates whether each of the pictures is the reference picture.

[30] According to another aspect of the present invention, there is provided an apparatus
for encoding a multi-view image. The apparatus includes a determination unit that de-
termines whether each of pictures included in multi-view image sequences is a
reference picture referred to by other pictures included in the muiti-view image
sequences for inter-view prediction, and an encoding unit that encodes the pictures
using at least one of inter-view prediction and temporal prediction based on a de-
termination result,

[31] The encoding unit may encode information about reference pictures referred to by
each of the pictures for at least one of inter-view prediction and temporal prediction
based on the determination result,

[32] According to another aspect of the present invention, there is provided a method of
decoding a multj-view image. The method includes receiving a bitstream including in-
formation indicating whether each of pictures included in multi-view image sequences



to an exenplary enbodi nent of the present invention; [25] FIG 8 is a
flowchart illustrating a method of encoding a nmulti-view inage
according to another exenplary enmbodi ment of the present invention;
[26] FIG 9 is a block diagramillustrating an apparatus for decodi ng
a multi-view inmage according to an exenplary enbodi nent of the
present invention; and [27] FI G 10 is a flowchart illustrating a
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encodi ng uni tfomagtiencode i nformati on about reference pictures
referrego byAccording to another aspect of the present invention, there is provided a method of
encoding a multi-view image. The method includes selecting pictures to be encoded
using inter-view prediction and temporal prediction from multi-view image sequences
based on temporal levels, and encoding the selected pictures using inter-view
prediction and temporal prediction and encoding the remaining pictures included i in the
multi-view image sequences using one of inter-view prediction and temporal
prediction.
[36] The selecting of the pictures may include selecting non-anchor pictures in temporal
levels that are less than a predetermined value from among all the pictures included in
the multi-view image sequences.

[37] The encoding of the selected pictures may include encoding information about the
selected pictures.
[38] According to another aspect of the present invention, there is provided an apparatus

for encoding a multi-view image. The apparatus includes a selection unit that selects
pictures to be encoded using inter-view prediction and temporal prediction from multi-
view image sequences based on temporal levels, and an encoding unit that encodes the
selected pictures using inter-view prediction and temporal prediction and encodes the
remaining pictures included in the multi-view image sequences using one of inter-view
prediction and temporal prediction.

[39] According to another aspect of the present invention, there is provided a method of
decoding a muiti-view image. The method includes receiving a bitstream including in-
formation about pictures encoded using inter-view prediction and temporal prediction
from multi-view image sequences and data about the multi-view image sequences, ex-
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termmes whether pictures included in sequences of a multi-view image (which will
hereinafter be referred to as multi-view image sequences) are reference pictures that
are referred to by other pictures included in the multi-view image sequences for inter-
view prediction.

[47] The multi-view image sequences are predictive-encoded using temporal correlation
between temporally adjacent pictures and spatial correlation between pictures from
adjacent views. Some of the multi-view image sequences may have high temporal cor- -
relation and low spatial correlation, In this case, inter-view prediction using spatial cor-
relation for all the non-anchor pictures as illustrated in FIG. 1 only increases the time
required for multi-view image encoding, without contributing to an improvement in
compression rate.



[ 39] According to another aspect of the present invention, there is
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220. [50] A temporal level is a parameter for providing temporal scalability by dividing an
image sequence into a plurality of levels in order to allow only some of the levels to be
selected and decoded during image decoding, as will be described in detail with
reference to FIG. 3.

[51] FIG. 3 illustrates temporal levels of multi-view image sequences according to an
exemplary embodiment of the present invention.

[52] Referring to FIG. 3, temporal levels of anchor pictures 310 and 312 in the multi-view
image sequences are ‘0°. Temporal levels of pictures 314 interposed between the
anchor pictures 310 and the anchor pictures 312 are ‘1°, Temporal levels of pictures
316 and 318 interposed between pictures in a temporal level of ‘0’ and pictures in a
temporal level of ‘1’ are “2°. Temporal levels of the remaining pictures of the multi-
view image sequences are ‘3’,

[53] FIG. 4A illustrates multi-view image sequences according to an exemplary em-
bodiment of the present invention.

[54] The multi-view image sequences illustrated in FIG. 4A are generated by the de-
termination of the control unit 210 as to whether each picture included in the multi-
view image sequences is referred to for inter-view prediction or by the selection of the
control unit 210 regarding pictures to be encoded using inter-view prediction and
temporal prediction. Thus, the multi-view image sequences illustrated in FIG. 4A are
different from those according to the related art illustrated in FIG. 1.



[ 46] According to an exenplary enbodi nent of the present invention,
the control unit 210 determ nes whether pictures included in
sequences of a nmulti-view inmage (which will hereinafter be referred
to as nulti-view inmge sequences) are reference pictures that are
referred to by other pictures included in the nmulti-view inmge
sequences for interview prediction. [47] The nulti-viewinmage
sequences are predictive-encoded using tenporal correl ation between

t enpor allF§] adj diveeranpile tinthegndtidieypimaga sequendes herording loebaretedpire flur es
from adj acent 14528 i in By, 9bickhe 1 Mihe éél:@ﬁ’& oWBge s&%ﬂ&'&fl éf@;}é have

hi gh tenporal corr nand | o atial correlation A7 s case,
i nter-view pr 8fEE ﬁ%ﬁ“ﬁg Vc\laﬂe N L PF‘EFPICalI‘lﬁ 11‘{‘I1?§ third row and
non- anchor pi s¢conedsolasnifbt m&t—wahqﬂedlmdﬁl G otherondrys, tegpicasa4s El’ﬂﬂie Fivgte

required for JREE oL Ll ut| n an

i mpr ovenent |;1mc%)ﬁrgp§f%§}§il%n Fare ngc% X%we%frﬁe appa PRS2y #6r
encodi ng t he FﬁfFfPPQe\Hl‘éWeﬁfﬁﬁg@elaﬂéW@mdﬁéloﬂ@f pisteredii4ry enbodi nent of
the pregseit i n‘!—lﬂ%&@ﬂnﬂﬁé frmtfrslewriﬂﬁgéstaba&dﬁg@&ﬂib eﬁenkpfa@%ﬁﬂbe&]meﬂgof the

inter-view prediction on on- anc res’i ste of an.
al' | non-anchoP pi fnl.‘(le%téonﬁﬁgsq‘{aﬁe%éggﬁgi}t di tr% fpgee ?ﬁ“ﬂes
whet her each pélemndees nvd rafersd aipicturh d22vixl the fivst sow m@emdeqlmnmﬂ a picture
serves as a I gf@é 8Mnee ﬂ'aﬁ&% Ny

ot her words, t ec q?nﬁo un|Ct%nq’%é(ﬁgn%?%rrﬂ%@%g{nga]%ﬁ%e%gg%d (E[Q{:ptlétﬂle 20
referred to bif ‘?5ﬂ? P PictHR 426 B tesespnskion @WWplﬁw@@.l@We
predi ction. [sle@pndﬁmmmdhfng:mmnanﬁortwrpomxprmimby enbodi rrent of the

present réxpvent yofe phile vfé%tn{ g éﬁceg;z% ﬁﬁ\l;r%tgtﬂ? 1@ a?e’i:l ustn%tegrl%ﬁ{q Ha

encoded "using I nter-viewp on an ra ion

mul ti-view i nﬂb@c‘%‘éﬁd’éﬁé‘é@“fﬂ‘ foéi‘ﬁ‘ froamprepRE nqneaps c@plcrtpres womefemed torbvt
210dsel ects V\dstha’rplqilumk lﬁfjr&nﬂeﬁvib@ pheii@iva OHE e s, il thel IS vied BiMpe sequences
prediction, each picture.is refer

to by ot her p| c%@r 1LL8ft &E&E’{e%y%/ﬁgov@l\%g%gf epéesentA%veBH iiystrage C{ J‘rl& A,
rel ated art, @Y seipholpiehss ipeddnnmeberestrowp fiodi mqng@omdmglcmme

inter-view prleclsmalt@ﬂy amer pletmelf@m@f ei@w%é&éhonfﬁvm&wordsnm%@emt Shly
encode onIy some n ct ur.es USl 8 I.nter-view pre 1 ctlon

according to T mlcﬁgléspé% P H\/‘g e TUgHpersg;ce SN NORARERCT PIGtHES in
inter-view pr@lﬂ#m@rﬁdﬁﬁwsmmtbﬂUpmgmtut-‘n@mpmdmtleml ected fromthe

mul ti - visgy | MegKs. 38ANEARES nRAG9Rwoitha @sazfae&!es Lﬁd«% 1a{1§9@L s &tch 1%&3@5%%
| evel is aparane er fg rowg_f ora scal ab |ty gw

an i mage sequeé(ﬁH‘B AhtB %dl%F "‘t@e‘s&? IPYRPEPR: i n order to aI | ow only
sone of [¥%fe | elotay to eclbw somé pictueet inciddededn dabarduldudéwindgaagmentas ol ng,
as Wil be desieodifgthlydielcdicl phls dElARRAGRY Sedildtn o in FREUARLG no%

illustrates t oral level ti-view | mage sequences accor dl 'ng
to an exenpl eé%&ﬁl“ﬁ%‘ﬁ‘?fe@c?wgiﬁr@ent |nvent| on. [52] Referring

to FI G [6B] tenindfiGl 4B epietites of bearfned tefos intéesed igﬂedwﬁdn &Laeteﬁnme@ based
Tt poscl bTAEICRHEIEE T BIG 0f oy LEMRRLRL AL R oy Bhel 4 57y -

|nterposed bet anc fur es

312 are ' tEpest Rt 19 be/ericed usmgamgmswm@dlqm Buher mtosdsp oy ghictures

bet ween pl ct Qﬁ@énpdﬂalaeﬁeﬁﬂiiﬁra?é lessPU& 2 BedetBrmiARi aRleGld4eRRtclo Be encoded
| evel s .of the remaining

t || |
bi ctures of | ciibet P EegiiagnS Hieer el Giog fg amiuggprapeior pigtores.
i |l ustritlés muThs tempenal iemdgélaSEq\wmaae:mtamncﬁoﬁhmgetémumOﬁwsmcaby of the
enbodi ment of.ghhg ﬁﬁ%@%g d&gﬁﬂi:xh(?@the[cﬁzﬁactggs%gw t“f Hlmuewew%g

sequences illustrated. in are generate determ gatl on

of the contr GRIYFHFSS> Pithowtdeing ligpitet ke thoseilinstysiestin FIG. 4R IForksdmpie, when
mul ti-view i npgeal Sﬁwmw&nfv&fvﬁfﬁ 86t High BeRiusk BF £larsd BitarRe @ivieki ON

or by the sel f.the contr uni.t 210 .reqgardin ctyres to be
encoded usi ngcgﬁln ag:ﬂla\??}é%o%rréﬂ ﬁbﬂeﬂﬁ’a‘%ﬁdﬁﬂl Inef)ersggﬁ'g’( ?ﬁﬁ a%h

anchor pictures using inter-view prediction. In this case, only pictures in tempo1al

levels of 1 or less may be predicted using inter-view prediction, and in an extreme
case, non-anchor pictures may be predicted without using inter-view prediction.



7 [55] For exanmple, in the nmulti-view inage sequences according to
the related art illustrated in FIG 1, a picture 144 in the second
row and second colum refers to a pictuge 145 in the first row and
second colum and a picture 146 in the third row and second col um
for inter-view prediction. In other words, the picture 145 in the
first row and second colum and the picture 146 in the third row and
second colum are reference pictures for inter-view prediction of the
pi cturel624. [ 38ferHogbadkto FIG. 3, hecondihg io-aniezomplarygesbodirait of the pieserit he

exenpl ary enmbagi-ABs, ﬂ%%nt:&ﬁné’ﬁﬁ?ﬁﬁen’c&é@ '\Jlévyﬁ-ﬁg @tsﬁ en&'as Eas%d ogfﬂae

a picture 420.in thé second fow and seco%
picture 422 | FletFWém?thns‘ir S?ISWCE‘HGS%WOB@PIM 23fdngther lé‘totdsethﬁ gncotimg

third r ozggndumé@%ptedﬂh%@hcb&és th@inﬁhr-\tib@%@ée@d&lﬁnb&ﬂ}éﬂg%Ieﬁﬁgne Eﬂ"ﬁléer-
pi cture r t ur cond row and .thir
colum and a g{ g{ﬁ e&IW taflﬁdrgl ec(ﬁg)ﬁ Gbgﬁﬁfﬂgﬁefi PHIZ:%‘PB (Fhsefe5Hon result
t enporal predPEhesentrqlenit 2% the mul ti-vi ew i mage sequences accor di ng
to the [gdjat edTae EndoliinginEt@Q@(ﬂrddibtf éa@h éWI@inElﬂH&&lﬁi%@ﬁU#ﬂleW éma%e

odd- nunber ed rows non-,anchor |ct res are referre
ot her pictur e%eqfl%‘?wf ?Hrgeﬁngg?‘gw Bredisien vadpe of &k&}@ﬁm from theeoriging PEW%W
i mage sequencibsrehy gonegiting residiahdate pbilp haﬂtyvnvfﬁﬁﬂgmtlemfas t he present
inventiggyi | | uggy

$bs ﬁEcﬁE‘héﬂ”‘ el effcodtfl ufl sﬁﬂgﬁeﬁ;engé gr ire é? e:ﬂredate{mm%%/

odd- nu red rows fraom anong non-anc prctures

ot her pi ct ur eLEPGYY 3ndps OWSB‘W%WW Rf?‘ih&tFPn G FEneRasRPredintios yirpfertingto tha,
only noR anc haorep referenesspittnres dlecotiiieioakt 2 DkddHAS wlljléﬁ)mlfiiﬂéﬁ& pictures are
non- anchor pi ngode |nt VI ew
o edi 11 on. " SEEER A bps BIREE G il nd REROR] o<t i

t enporal | eve?t%feééft@ﬁ ey dlarevese é‘Pﬁ?F‘hﬂg/tOéhﬁ)mmmémemfonms q@t es:essary
i n?/;antl on. [ 5@]stofe wietelice pﬁ@$ﬁ§f01 %ﬁﬁgw@wfﬁie!dfcﬁﬁn i@k HQ%Q)% ¥ forb ﬁﬁ?es de-
mul ti-viewi s f.or odin e sel ecte ctures
using inter- \r;@ig %%néc?%gﬁct | %tﬁdénsm:iﬂﬁﬁ? té? ‘iﬁﬁﬁusﬁiﬁﬁnﬁgvﬁ&’s@g‘%lffﬁl with
referendlto FFQEGX?!IBPIE[ BOrderio enogde ﬂlB,plqmrcﬂZﬁ mgh¢ sechmd roef mdseabntio f or
nter - vi ew preslise isIIGRES, iRm0 BARE O rTRRY Aol BTl chre 0 o
FIG 4B, non- nchotr Elaaz f@g a te%@ TeRR%[

det er ni ned noat et B’é QSR Gt e PP At ire BPRRiesrnes Pictures{or infer-yiener
wor ds, only pirediciasndthusenpotacquired & i stdred indhememssy, tHetsdyallowing

predeterm nleﬂ@gﬁqlS@{,pﬂ.lgg{egﬁye to be encoded using inter-view
pr edi Ctlié%f anct]l,%?I or al ;t)red ction fraom anong non-anchor pictures.
e

[61] Th DIF (53 ot e deeumingd by the gopiraliiar 26Aneigp be prerred to for
det er i nat i oriner-viesl redictiom avé néthefecreditorfor intefiview?frodivadry {HREHY sleB g P
the characterj.ghigs of the nulti-view inmage sequences, W thout be| ng
limted to those Illustrated in FIG 4B. For exanple, when spatial
correl dfi’bn beReieEne brekie HIG. harecaidign ihwreremplant erabidimers of s tpassem

bet ween carrerlﬁthhza,twQOmibamhg amﬁma pmdibt‘iw dn@BAR thd hulkiSvilPimage
prodi ot on. - FBERRE! i Ay RO BBl B TR e i G B o oo

| ess may be W@@@l@m@@mﬁ h:gwmﬁhe@ueaqh ponpriediefiremr pictrd ubdd faninexiviesne
PG ol on " RSBl aRLTSL GRpodhoLed LIRS, ADLG
exenpl ary en@ggh {iﬂﬁef%r’*gwﬁm 1ﬁ(F€?’Ff"iddi’9| foripfer- @ﬁﬁ’@ﬂ?%mﬂrﬁl? 220
encodes the wutddngmmm@ﬁl)rmg@ies edfoentiens abas ¢d derrhhetiseleaniemad doaftol!
sel ection regy tzé gf the control unit 210. In other words, the

encodi ng _unit redi ctive-encodes the nmulti-view imge seqguences
usi ng deS8] easts%?éie@m%ﬂ@‘i ipiperformeddprdeteyminingiwhethgreactt pipreds &t heon

based on t he refeired t’(iiltijraith&@l&lﬁle§ﬁ:1r eftérl Q8 bﬁrﬂi&'ﬁ&n Phfobhion 2B ﬁtgklh H@f éac
210. [63] The, COdtI E)g %n %c?}) edi E'{r §a pi.cture, i nc 3
mul ti-vi ew i REGEC &g PEAEETeS y & B#teéd"ﬂed’f Pigdicion i§dnch e@at*h
parameter for each picture,
[69] FIG. 5 illustrates syntax of a network abstraction layer (NAL) unit header according
to an exemplary embodiment of the present invention.



[64] For prediction, the encoding unit 220 stores reference pictures
in a predeterm ned nenory and perforns inter-view prediction or
tenporal prediction by referring to thegstored reference pictures.
According to the related art, when non-anchor pictures are predicted,
all pictures for inter-view prediction and tenporal prediction should
be stored in the nenory. However, according to the present invention,
it is not necessary to store ref erence pictures for inter-view

predi ctil@@ i n tAeNAEmmiyis therunisiof papketization of image datipySindeene dMATL wiit uni t

210 not to be amggﬁﬂcmaesmta! b sﬂﬁé"?@ﬁl@éj lnfbinQffion ko glﬁeﬂhelee& cfie

in order to enco h ‘Etéture 42 he second row and secon
colum in FI GS%EK re %P P& RjgYres Hoy feuviey pasdiciion inipeludeckinga N ve
pi cture 420 aheaﬁ;mmrwbemoﬂmthat of the picture 420 are not

Fequi rod To b Srariablo N g bR Bhtgl Sl B BPNG 1E SRTIRNAL poi

required to be st or
of the menoryheqdss 1°CW@%§P&%F@?dtaﬁafhe@P¥ agipgwheilienspch pietursoinreferred

un } t 2 18 not f toobyosthérgfi@tres trtigef @Ewip Péd(ﬂ:l’trow Weﬁ:{rﬁﬂb Ghélolréf 34 viRQ1’
referred to edic

predi cti on. %Tﬁs&hﬁgﬁoﬁ OEEI(L}% € %}“ ttegeé go%o‘? d r%cnfrgs E’E SIS ar y
embodi ment of preistipn é@bmalJWémwwo’ wivens thiidhepicudi is goumfetre@ ROby other

predi cti ve- engiedess thiRitdilvidw féﬂ@ﬁ\bﬂ mage sequences, it also encodes a
par ame term nation resul.t of the control unit 210

i nd| atl n
as to \Aﬁezt]her Q&ﬁn%\”%?ﬁ?rg anég'ﬁdF%f"Qf—é?fe’élc-p‘P‘E‘Yu?éy‘ﬁ%’%ﬂe@W inter-view
predi ction, alreseivederars folrebieh Sedwhddat mbbtwge thevthontar bf feSdrfr@HiﬁsO’lce

the congrgl Unbiefh) Eja%fc%ﬂd@sw BELcoBRE 86 BhifordS el £

for inter-view prediction he’ encodi ng un ncodes 1n |on
about the det BFRiGTRIOTRAIDANPYL igferanpRpicBFsreferrehiotbyzech pirts] foanmreuew
det ermi nat i onpnedncumr ik temglorhDpredieticar Al syhiag elHﬁﬁhh‘ﬁléfE&aﬁEt’ Ridfchids SuchSint O
be referred t ction
i nf or mation about %Q c%@egg%ﬁﬁnft? trlJ(r) g&%lgﬁ?é/s‘gﬁg f’ 4 rpécémF 3B BtPher
pictures for IiEFﬁf@mWéW pieddprin 191“‘5131?@1\1@‘11%91@11% thatslamahssresrasfreference
Fach pl( ct u; e. pl{:tﬁﬂsls £ ifgter-Siek predéticnt £6 nGyreeAXd @fbyéb i@g&& \@ﬁb?ltt;{'l@ca' on
ayer (NAL u I an exe odi ment of the
present inven Bmpga&?ie fncg\&égl{ﬂ{mﬂ% ‘fle‘ivémﬁr?;seﬂl‘f#‘f Sof packeti zation
of i magF4dat a. TlSlSn?!belb engRdingriinit 236 reeades infarmetionidsuthateenab pictures for
si ngl e pi ct urgch piches H’B&ah%@ns%&l@ukemﬁﬂsh%xcﬁaﬁﬁ R!uﬁ&élt'h&t ééd&&hﬁﬁg%‘} thé®
by ot her plcturgsfor Ilntg{ 8%/8& |on|5|nc
unit header if" t397%8 Oebr‘i’cf B9 ‘?’ljnt‘ﬁéffeé’ﬂ’lie%“?‘b FIG 5, a
synt ax BlS¢ment Foreskmplef wheicthe pietire 420 iHdsteedtio FiB. MAls encoded bemaitiifig to the
accordi ng to sehearadl editedd 123 RUORYoEEAI B8 NS BELicRACPL CL U e

is referredto ¥ her pi ct resfor I nter-view predi
exanpl e,  nal2%asnt Vb"é”svtf’é%? thgpichue f‘%%%waef@&m%ﬁmamfbmﬁar@@m@ i's
referred to hygawmgnhqqnams @22 ik 424rif Brchidb®in ‘BeSIGE. PowaRnet, ad&a}dxﬂg%

i dc_vi ew=0' err
pictures for i nt erf) f\%?;é#ﬂ%mﬂé;ﬁ%i"ﬁ% P k%ﬁ@]%‘@nﬁgn %il\}vnabﬁoiigg%'ﬁ@e%%t}n@ﬁg%?
to “nal ref %%t éwemae%lym@aﬁo@cém 0 netde be wikerense pidtwes fobihegictire

al so added tmzohﬁﬁtgendlﬁtﬁdmurmlbmgfst’r eserved bits. [73] Referring back

to FIG whe codj unit 22 rfor encodl n it also
encodes[7|%]1f or rﬁg | or]in %g ,hlgg? ﬁ?@é P@‘FE‘?’&O Pé?*%&)‘“%@“% thegngoding
picture for iumita20wlsewngndesiinforimatiomatebut pinipossatlegedbly thieicontrol Anis 200 @be

| t 'RefR
5n Ie[feg "o 4 St ee:p%dr?gtsus Wg M%E?E\g Ee?ﬁtgl:azé taﬁ fe%['rggr Vgﬁdlcﬁ)ﬁ]%ﬁl 1#1&%3 G etn led

pi cture used 1? MIGAGPIOA BRI PR @P ol b despiiad ip detail fath reforenen toféGSeﬁﬁas

reference pi mlnleBs for inter-view prediction are not referred to by
ot her ure ing unit 220 encode mul ti-view
i mage gggtencgwﬁgi?%ﬁggg&q X gfatsﬁ%ueé‘ﬁ%%ad?rﬂ‘:gte’iﬁ?ﬁcc%getﬂ@Bﬂ’éeénplary
embodiment of the present invention.
[78] Referring to FIG. 6A, the encoding unit 220 may include information for specifying
pictures selected by the control unit 210 in a sequence parameter set and encode the




[ 75] For exanple, when the picture 420 illustrated in FIG 4Ais
encoded according to the related art, the pictures 422 and 424

| ocat ed above and bel ow the picture 420¢at adj acent views to that of
the picture 420 are reference pictures and information regarding the
pi ctures 422 and 424 is included in " RefPicLi se. However, according
to an exenplary enbodi ment of the present invention, information
about the pictures 422 and 424 determ ned by the control unit 210 not
to be refer ené®lEneqRiFaacterset. flhe sqsuencgmarame(: pef aprordingitl thelerpsent invention

" Ref Pi cLi se. w@deé\aegm Aembie =eﬁ@bmr1e@xmb aida Shadidmnt of the
pr esent |nventﬁ el he encgqﬂg&%in E 0 al so encodes information
about pictures se]fn E‘EI%‘H—%B & e?’?)l unit 210 to be encoded using
i nter-viléd pr edieutppmh_lmruWHMmedn@mtmg thenchinibes ef diffetenetempoatied
informati on i iRz Bhite

u We@ﬁlﬁiag@&&%ﬂcles Qﬁ:ggﬁsﬂ be E[?pal‘d’tlus%b%{nl en%#lg%a

reference to F trates
sequence par aH@’fS Vlegepaﬁ%é[g’feﬂ’?‘h@ 15 URPse SEMpIcss Sllué%%fﬁiﬂn‘%ﬁt 3B atene

present i nventengroral [é48]s fited & né f8), ind thisCrentphral @] 6 eﬂmockl‘ag un|t 220

cont rof (8 ool PHE e e IRUP b ERAEHEEHE s o e

sequence par aPr’@EI@FW%‘é‘iCOd%‘éSH%‘@ TYEeRY pradigiiam asel tepaporalquestictiongWhen tinter-

pr esent :nvent:ﬂe@rprediaidadegereolﬁmabamglpwm%matte &faﬁlle{r?\?g;L@XZ’ 2800 a

synt ax el enen lnte VI.ew vel],

' t enpor al IequG errla%;'_us |eﬁ‘1‘1%‘¥%§?£gﬂnﬁoggol§‘éetldlﬁ & ?Ilunber of

di fferent tenﬁ@?ﬂteweﬂﬁelpsedafeﬂmﬂftlﬂeml[é\?vm fﬂége sequences encoded by

the appggigt us 230 ih@fvienGREl E@n@rmﬂew Eﬁﬁww@% ‘oTh‘lﬁ %ﬂ] th%f’vloa:e
eve

i mage sequencgs illus raI din ave tenpor al rom
to g 3 gn d t Higin c%rgxﬁ% cpté%vah%gg pIGtYres g acc)frg.mondmg temporal level are
cuse i ntervi emeqhnedusmgpmrahbwmédﬁqmm s information for specifying

pi ctur eFSZt] 0 bePEﬁﬁQs'lﬁTa'té&ﬁp&qumgf s gigl 10 ?fcnﬂ'ése\élmggﬁl a%El#?%m%gﬁ are

t enporal predi cél ninterview p on Is
pictures in &% ﬁ‘b‘éﬁ%m eé\}efngdmlylfterdfeweedla%oq,n FI G 4B,
use_i nt er vi ewsq@imelviespoadatelrpeed [1bdel[0]’ s ndk' se;&f’edeli set.

“use_i ng@pvi e s

oot niSIvi cnrRl SEHDETRNL St 6 Sporel puppret i hocgring 1 agpber, o) e
‘0" and '1' &FEmp a@gemm%mﬁﬁtﬁféfmrmn@amﬁlgn\Ahet her pictures in a
correspsagli ng IneFEoAR] the eatgttol afuezm ﬁlttct‘st;ﬁ&uﬁ&dlﬁ ;iréﬂﬁfv@@n@&ied usmg inter-

rediction. 0
BI ctures. Si %@%‘L £ Eg ?ctélﬁé eglp ctu %F& lcélPlebasF % ar EGP?R%‘R eer’(g%g[éld’rﬁi% Wegson! y
i nter-view pridgfiees ilfb‘hpaﬂleigef thP@Iialliew/a}:ﬁr@@ temgpopedly girediceds HoBlever, oseot
separately Sefictuie8 %]ay RalsGibe @Bleétbd H&Eﬂ 8h ORWE ¥ aPlemBoRERYVELCE

paranet [%rS] set F5i% xamplggplgt%re%rl]n a temp01a1 level of ‘1’ or ‘2’ from among pictures in a
multi-view image sequence from a view 1 are inter-view predicted and temporally
predicted, and pictures in a temporal level of 1 from among pictures in a multi-view
image sequence from a view 3 are inter-view predicted and temporally predicted. In
other words, pictures to be inter-view predicted and temporally predicted are selected
separately for each view. In this case, a syntax element for specifying selected pictures
for each view is required.

[86] Referring to FIG. 6B, the sequence parameter set includes syntax elements
‘temporal_level_max’ and “use_interview_pred_temporal_level[i][j]’.
[87] ‘temporal_level_max’ is the same as ‘temporal_level_max’ illustrated in FIG. 6A,

but ‘use__interview_pred_temporal level[i][j]’ is different from
‘use_interview_pred_temporal level[i]’ illustrated in FIG. 6A.

[88] In ‘use__interview_pred_temporal_level[i][j]’, ‘i’ indicates a view and ‘j” indicates a
temporal level. As mentioned above, it is assumed that pictures in a temporal level of



exenpl ary enbodi nent of the present invention. [84] In FIG 4B, the
control unit 210 selects pictures to be predictive-encoded using
inter- view prediction and tenporal pregiction based on tenporal

| evels. In other words, pictures in a particular tenporal |evel are
not tenporally predlcted However, those pictures nmay al so be

sel ected based on views as well as tenporal |evels. [85] For exanple,
pictures in a tenporal level of "1' or '2' fromanong pictures in a
nul ti-vi ew i malers2 iR aaong pigugesin ewmulti-yiew image sequimw foredview ddira inter-
tenmporal ly pr Qfﬂv&ﬂﬁﬁﬂﬁctea@ﬂd R:hﬁpbkﬂll?ﬁaréd'ibtéﬂ hRIPSfRls 1 §¥eipolhl lcjvelfcffo A from

among pictures in a nu e sequence from a View 3 a
i nter-view pr 8888 BY é?fc}nta 'rV ”873“%?& UERCE dront ﬁv’(?f"’h%‘?‘m%’?ld’éew predicted
pi ctures to bend rrgporallyeredintetli ct ed and tenporally predicted are

sel ect eggqepar ah gl chOr v @RS brod Rechflrst E@amg@ gyptax el ement for

speci fying sel ected pictures ed’ [86]
Referring to Fises-ints; le‘f’%eds&’j’ﬂl&ﬁ@ebﬁé 1i#btier’set i ncl udes synt ax
el ements ' t ense dhtehéawel preduxémpnd_levsRBIMtS07] ew_pred_t enporal _| evel

i1[] 87 t | | |
|[: } Ljs% r at Ead } n %ﬁ@%ﬁé&b pgé/cﬂeﬁﬁ%el nFée}@ﬁﬁJNiaﬁg’datserrpggﬁlr 2ve| [e:/]e[l Palxs
di fferent frorﬁsed%@f‘il?w.é)ﬁﬂﬂ_@mnﬁ%dﬂeéﬁﬂ@}’a Depdl [i]" illustrated in
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FIG 6A. [90]. E’f‘%l I%JS'[ r aﬁ @S %B‘{E S[iafreinhancerrent
i nformation ('S 59% SRUEID! TIPS PRA TRk nﬁﬁ YOESTASE ATIREHRE 91the he
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B 1G. 6 tempmal eve ‘use_interview_prediction_ temporal level[i)’
are the same as those in FIG. 6A.
[54] FIG. 6D illustrates an SEI message according to another exemplary embodiment of
the present invention.
[95] In FIG. 6D, ‘temporal_level_max’ and

‘use_interview_prediction_temporal_level[i][jI° are the same as those in FIG. 6B,

[96] FIG. 7 is a flowchart illustrating a method of encoding a multi-view image according
to an exemplary embodiment of the present invention.
[97] Referring to FIG. 7, in operation 710, the apparatus 200 for encoding a multi-view

image illustrated in FIG. 2 determines whether each picture included in multi-view
image sequences is a reference picture used for inter-view prediction. In other words, it
is determined whether each picture is referred to by other pictures included in the
multi-view image sequences for inter-view prediction.

[98] In the method of encoding a multi-view image according to the exemplary em-



[92] The SET nessage is additional information required to decode a
video coding layer and may include timng infornmation for each
picture, information about pan/scan funetions, and information
required for random access. The SEI nessage may al so include _

i nformati on separately defined by a user. The SElI message according
to the exenplary enbodi mrent of the present invention includes
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the pictures is subtracted from the original picture, thereby generating residual data of

the multi-view image sequences.

[101] Inter-view prediction is performed without referring to pictures determined, in
operation 710, not to be reference pictures used for inter-view prediction, thereby
speeding up prediction and allowing efficient memory use.

[102] In multi-view image sequence encoding, information about pictures determined, in
operation 710, to be reference pictures used for inter-view prediction is also encoded
and inserted into a bitstream. More specifically, information indicating whether each
picture is a reference picture used for inter-view prediction is inserted into a parameter
for each picture. The information may be included in an NAL unit header in order to
be encoded, as mentioned above.

[103] FIG. 8 is a flowchart illustrating a method of encoding a multi-view image according
to another exemplary embodiment of the present invention. .

[104] Referring to FIG. 8, the apparatus 200 for encoding a multi-view image illustrated in
FIG. 2 selects pictures to be encoded using inter-view prediction and temporal
prediction based on temporal levels in operation 810. The apparatus 200 may also
select the pictures to be encoded using inter-view prediction and temporal prediction
for each view of the multi-view image sequences, More specifically, non-anchor
pictures in a temporal level less than a predetermined value are selected as the pictures
to be encoded using inter-view prediction and temporal prediction.

[105] In operation 820, the apparatus 200 encodes muiti-view image sequences based on
the selection result of operation 810. More specifically, the pictures selected in
operation 810 are predictive-encoded using inter-view prediction and temporal
prediction, and the remaining pictures in the multi-view image sequences are
predictive-encoded using one of inter-view prediction and temporal prediction, While
all non-anchor pictures in the multi-view image sequences are predictive-encoded
using inter-view prediction and temporal prediction according to the related art, only



bodi ment of the present invention, only sone non-anchor pictures are
predi cted using inter-view prediction instead of predictive-encodi ng
all the non-anchor pictures using interidview prediction. Thus, only
sonme pictures are referred to by other pictures for inter-view
prediction. To this end, it is determ ned whether each picture is
referred to by other pictures for inter-view prediction in operation
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900 does not store pictures that are not reference pictures used for inter-view
prediction in the memory based on the information extracted by the extraction unit
910. Thus, the number of reference pictures to be stored in the memory is reduced



[107] FIG 9 is a block diagramillustrating an apparatus 900 for
decoding a multi-view inage according to an exenplary enbodi nent of
the present invention. [108] Referringio FIG 9, the apparatus 900
i ncludes an extraction unit 910 and a decoding unit 920. [109] The
extraction unit 910 receives a bitstreamincluding data about

mul ti-view i mage sequences encoded by the nethod of encoding a

mul ti-view inage accqrdinglto the present invention. Here, the data
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on the information extracted in operation 1020. More specifically, the multi-view
image sequences are predicted using at least one of inter-view prediction and temporal
prediction based on the extracted information and the residual data extracted in
operation 1020 is added to the prediction result, thereby reconstructing the multi-view
image sequences,

[119] Meanwhile, the exemplary embodiments of the present invention can be written as
computer programs and can be implemented in general-use digital computers that
execute the programs using a computer readable recording medium or other
transmission media. Examples of the computer readable recording medium include
magnetic storage media (e.g., ROM, floppy disks, hard disks, etc.), and optical
recording media (e.g., CD-ROMSs, or DVDs). The other transmission media that can
include carrier waves (e.g., transmission through the Internet). The computer readable
recording medium can also be distributed over network coupled computer systems so
that the computer readable code is stored and executed in a distributed fashion.

[120] While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in



14 during prediction, thereby allowng the efficient use of the
menory. [114] Moreover, all non-anchor pictures are not inter-view
predi cted, thereby inproving predictionsspeed. Furthernore, fast
random access i s possible. For exanple, when the picture 420 in the
second row and second colum in FIG 4A is randonmly accessed, it is
not necessary to decode the pictures 422 and 424 | ocated above and
bel ow the picture 420 at adjacent views to_that of the picture 420
because they M BREHEEYS Heasrsdefosmmd defaih siay e mepde therain witheut departing
pi ct ures used fioaf the MBIt and ROpPSFREY Sibde@Ninveltios as Hersled Py Qe follbwRg AN,
random access are possible. [115] FIG 10 is a flowhart illustrating
a nethod of decoding a nulti-viewinmage according to an exenplary
enbodi ment of the present invention. [116] Referring to FIG 10, the
apparatus 900 for decoding a multi-viewinmage in FIG 9 receives a

bi t stream i ncl udi ng data about nulti-view imge sequences in
operation 1010. The data about the nulti-view inmge sequences is
residual data of the multi-view inmage sequences. [117] In operation
1020, the apparatus 900 extracts information indicating whether each
picture included in the multi-viewinmage sequences is a reference
picture used for inter-view prediction or information indicating

whet her each picture has been encoded using inter-view prediction and
tenporal prediction fromthe received bitstream The data about the
mul ti-view inmge sequences, i.e., the residual data, is also
extracted. To this end, information included in an NAL unit header, a
sequence paraneter, or an SEI nessage nay be extracted. [118] In
operation 1030, the apparatus 900 decodes the nulti-view inage
sequences based on the information extracted in operation 1020. More
specifically, the nulti-view inmge sequences are predicted using at

| east one of inter-view prediction and tenporal prediction based on
the extracted information and the residual data extracted in
operation 1020 is added to the prediction result, thereby
reconstructing the nulti-view inage sequences. [119] Meanwhile, the
exenpl ary enbodi nents of the present invention can be witten as
conput er progranms and can be inplenented in general -use digital
conputers that execute the prograns using a conputer readable
recordi ng nmedi um or other transm ssion nedia. Exanples of the
conput er readabl e recordi ng medi uminclude nagnetic storage nedi a
(e.g., ROM floppy disks, hard disks, etc.), and optical recording
nedia (e.g., CD-ROVs, or DVDs). The other transm ssion nedia that can -
i nclude carrier waves (e.g., transm ssion through the Internet). The
conput er readabl e recordi ng nmedi um can al so be distributed over

net wor k coupl ed conputer systens so that the conputer readabl e code
is stored and executed in a distributed fashion. [120] Wile the
present invention has been particularly shown and described with
reference to exenplary enbodi nents thereof, it will be understood by
those of ordinary skill in



15 the art that various changes in formand detail my be nade
therein without departing fromthe spirit and scope of the present
invention as defined by the following clains. 16 Cains 1. An
apparatus for predictive-decoding a nulti-view imge, the apparatus
conprising: a receiving unit that recgfves a bitstream conpri sing

i nformation indicating whether each of pictures included in

mul ti-view inage sequences is a reference picture referred to by
others of the pictures included in the nulti-view inmage sequences for
inter-view prediction and data abo&tlaimsnul ti-vi ew i mage sequences;
an extraction unit that extracts the information and the data about
the multi-view imge sequences fromthe bitstream and a decodi ng

i hat, d he, d bqut. | ti - vi ' d
on the exkr acth BRABRARToR oy AReih K P RaBe e R AR

the paran®@uffising: @ network abstraction layer (NAL) unit header for
each of the pictures. 3. The apparatus of claim1l, wherein the
ext ract i ohregivingait that recpiyeha PHETeAm sppptising infpaprtiongndicating whether

referred Lo, tlﬁ“ esoiqcimd . Cfn&ﬁit?—%ie(apﬁm%e ls&fh%hcégnﬁ erefepén%[avﬂi%e
prediction and tenporal prediction.
referred to by others of the pictures included in the multi-view image sequences for
inter-view prediction and data about the multi-view image sequences;
an extraction unit that extracts the information and the data about the multi-
view image sequences from the bitstream; and

a decoding unit that decodes the data about the multi-view image sequences based on

the extracted information.

2. The apparatus of claim 1, wherein the parameter is a network abstraction layer

(NAL) unit header for each of the pictures.

3. The apparatus of claim 1, wherein the extraction unit extracts information
about reference pictures referred to by each of the pictures for at least one of inter-

view prediction and temporal prediction.



