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
and decoding a nulti-view imge, and nore particularly, to encoding
and decoding a nmulti-view inage in order to performinter-view

predi ction and tenporal prediction that are required for encodi ng and
decodi ng at high speed. Background Art [2] In nulti-viewinage

encodi ng, images input froma pl i nmeras that provide a
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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.

{7] Each column shows multi-view images at same point of time. Pictures inchuded in
columns 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 nmethod may differ fromblock to

bl ock, reference should be nade to pictures 142 and 143 in

odd- nunbered rows | ocated adjacent to the picture 141 as well as
pictures 111 and 121 that tenporally precede or follow the picture
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decodi ng. Des@fﬂﬂlpth)fbbﬂsgi or[pgmpqqg gnformation are not referred to for inter-view prediction.
Since inter-view prediction can be efficiently 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 multi-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 levels



[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 drawingsz 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] HG 3 illustrates temporal |evels of
sequences of acepding todncageimplageernloaioneit of the prazentéavenidrmr y enbodi ment
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to an exemplary embodiment of the present invention;

[25] FIG. 8 is a flowchart illustrating a method of encoding a multi-view image according
to another 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 multi-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 multi-view image. The method includes receiving a bitstream includin g In-
formation indicating whether each of pictures included in muiti-view image sequences



[23] FIGS. 6C and 6D illustrate syntax of a supplenental enhancement
I nformati on (SET) nessage according to an exenplary enbodi nent of the

present invention; [24] FIG 7 is a flomchart illustrating a nethod
of encoding a nulti-viewimage according to an exenplary enbodi ment
of the present invention; [25] FIG 8 is a flowhart illustrating a

nmet hod of encoding a multi-viewinmage according to another exenplary
enbodi ment of the present invention; [26] FIG 9 is a block diagram
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the multi-view image sequences, and extracts the information and the data about the
multi-view image sequences from the received bitstream, and a decoding unit that
decodes the data about the multi-view image sequences based on the extracted in-
formation.

[35] According 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 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 multi-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-



[ 30] According to another aspect of the present invention, there is
provi ded an apparatus for encoding a multi-view inage. The apparatus
includes a determ nation unit that detegm nes whet her each of
pictures included in nmulti-view inage sequences is a reference
picture referred to by other pictures included in the nmulti-view
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determines 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.



sel ected pictures. [38] According to another aspect of the present
invention, there is provided an apparatus for encoding a multi-view

i mge. The apparatus includes a selectign unit that selects pictures
to be encoded using inter-view prediction and tenporal prediction
frommulti-viewinage sequences based on tenporal |evels, and an
encodi ng unit that encodes the sel ected pictures using inter-view
predi ction and tenporal prediction and encodes the remaining pictures
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conci seness dfitd ¢fa {44] FIG 2 is a block di agr amillustrating
an appalsdi us 200. B dllustraes thimpgrad lavelstof awitewiew 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°,

f53] 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.



i mge according to an exenpl ary enbodi nent of the present invention.
[45] Referring to FIG 2, the apparatus 200 includes a control unit
210 and an encodi ng unit 220. [46] According to an exenplary

enbodi mrent of the present invention, the control unit 210 determn nes
whet her pictures included in sequences of a nulti-view imge (which
will hereinafter be referred to as nulti-view inmge sequences) are
reference pictures that are referred to by other pictures included in
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present inventli on ﬁué?lgn be encoded usi ng er-view prediction

and t enpor al &e@g Iﬂeetﬂrﬁsﬁmflf%‘i’t’l“f’ﬂe rrul ti-view inage
sequencBE¥]based vy to eﬂp@rsame bistatssinclidd] in het rowiioriew ithape atquiescea for

parameter f Oren%d:iﬂg Ql'll Qhé s%[&%ﬁglict&@@ﬁﬁr@ ftel- ey rgc? ]\!ﬁoql' a@grll Ffb.iﬁlgpxgﬁ]fnow

sequence i nt er t ow only sone o
the levels tgbad%’g‘érgﬁeg 'tehd éFF&C%I@cFééeﬁBdurl ng i mage decoding, as will
be descitObed in K6t 4B piviutel to bf efeered eo fop iftérGried prddfetibn FHeQeteBmined based
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to an exenplary e sen PRV
termined not to be encoded using mter-v1ew pledlctlon In other words, only pictures

in temporal levels that are less than a predetermined value are selected to be encoded
using inter-view prediction and temporal prediction from among non-anchor pictures.
[61] The temporal levels that serve as a criterion for the determination or selection of the

confrol unit 210 vary according to the characteristics of the multi-view image
sequences, without being limited to those illustrated in FIG. 4B. For example, when
spatial correlation between views is not high because of a large distance between
cameras that photograph a multi-view image, it is not necessary to predict all non-
anchor pictures using inter-view prediction. In this case, only pictures in temporal
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.



[52] Referring to FIG 3, tenporal |evels of anchor pictures 310 and
312 in the multi-view inage sequences are '0'. Tenporal |evels of
pictures 314 interposed between the anchor pictures 310 and the
anchor pictures 312 are '1'. Tenporal |evels of pictures 316 and 318
i nt erposed between pictures in a tenporal |evel of "0 and pictures
in a tenporal level of '"1' are '2'. Tenporal l|levels of the remaining
pictures of the nulti-viewinmage sequences are '3'. [53] FIG 4A
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bodi ment of t RRepi®sS ﬁﬁ_ten.bdlg{%‘ﬁﬂimﬂ ohodtes &Q%%ﬁ%-lv%ey iﬁ?gg\’aégﬁjgrgzgs based pn 81.%

sequences illystrated in 4A are gener at el rmnat

of the cont r ofCEREPALLRPr seleqtion ipsuttiof e captrpl ynit 210-dn prher wews, therenchding
rmul 'lto i- viheW i lrrngeZﬂEpreﬁnﬁmaﬂcsddsehelelﬁlﬁleidvi&\g ith&ple sbdiie@tes\thRW aPle8d bad (i)fofgﬁter-
or by the se i . t N 1Q regardin [ctures.to
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the mul ti-vie% heggerobsgitiéltes illustrated in FIG 4A are different
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[ 55] For exa equences, accordi ng to the

le..in the Lt1-view i e.s I ng t
related art il O0EIPSE cfupﬁycﬁé Pl’f‘,hc'éonp%‘?etﬂf&a% ctpys frome theozigival Rigfireand
second col ummtherebp generating residiialidasa 6f4be multi-hiewfiinagt seyoancesnd second
col um a PESLAHEBtIAOH j: f . .
it er vl pr ook bl Tap ng (hif 0 S?#ﬁf??ﬁf@%ﬂ"@?‘# B ipe
row and secondeTBIV AR PEHorsHBter e prediating of ferneeal pradicion bireferng extbad
colum are r eftereé rferepdeqtictues. Aw@brding 1o thevelawd pre@hat nddranehortpit@ures are
pi cture 144. k0t he .l b e i es.acgor.di t he
exenpl ary e org(?[]r:rt_een’t { e%f&rutgglg‘r’ft% iP%lé\_/dqécn pfigad {éaf]ﬂ,a% Pat&dt ﬂgﬁf ® an,
a picture 4209Rd imbe BwawRYy Vel eccoBiinge theqiresent idveasiondt is mef recessaya
pih ct gr e 422 it stolﬂe&refeiréx&:’le p[cmWe:afd)dﬁﬁﬁWp&ﬁcﬂ&ﬂ?&H&gﬁm@f#&H%i@mgé &ehhe
third row an ) ter-view prediction..’Instead, the
b1 ct ur o420 rgRanarth B Lk o) Fhat'e b SR EL B sien G i r
col um @Al a pFeresreplagig order tthencedeba dichuwsndAhid the sesendooivant sécond
tenporal prediotiniOid FIGS4A, pidtuted 820 bhd 424Mb&d MBECaRARIRNGE DicRiE B3P NI
to the relate .arttvtel I L{S&%ﬁt{&tﬁ in Fl %%Ql" al | E_Jéctu_res In. .
odd- nunber ed FERE IS QNG HERICANR ot & pelrieErace Pishuresfat iptegviey by
ot her pi ct ur exedigfoniand grus\aieenot prauited toi terstorddoineheememory, thaebyralldvwinyi ew

i mage Sequen%ﬁci&ﬁ@g{@tﬁ‘gﬁkﬁm}ﬁe exenpl ary enbodi nent of the present
inventin[gg]rill trated in FlI sone of Eictures in

4A, I :
odd- nu ed rBRPSPERRRGSE Efﬁﬂﬂms‘ﬁﬁh CORTEY Upis 1Ginet to be weferesd te forpy
ot her pi ct ur éstef-viewipnedictioni apanqinefeirat fodor infenviehgedivndtereb spdading fp
only non-anchplji@iont ures in odd-nunbered col umms from anong

non-anc[gor pirctures in _odd-nunbered rows are encoded using inter-view
pr edi ctPéh erpipgsbackgo HlG & prenrdiag i Antexemplayy ¢mbagimens glide preserand

tenporal | evéhendor ohah g dnbodifig exemIl @edicteRRAIER He M1tV REQSENt
I v ow 1 e kg Sh8 RSB e A oG o S RetioR B B o
usi ng i nt er - FPREP!FPEALE 8s Eriviesher padhipiztug As avefdrenve pichere deed dor ihedhvisint h
reference to phdd@tiofBnd inserts the encoded parameter into a bitstream. Once the control unit
210 determines whether each picture is referred to for inter-view prediction, the
encoding unit 220 encodes information about the determination result of the control
unit 210.
[68] Since determination is performed for determining whether each picture is to be
referred to by other pictures for inter-view prediction, information about whether each
picture is to be referred to by other pictures for inter-view prediction is included in a
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.



[60] In FIG 4B, pictures to be referred to for inter-view prediction
are determ ned based on tenporal levels. In FIG 4B, non-anchor
pictures in a tenporal |evel of '3 aregdeterm ned not to be encoded
using inter-view prediction. In other words, only pictures in
tenporal levels that are |l ess than a predeterm ned value are sel ected
to be encoded using inter-view prediction and tenporal prediction
from anong non-anchor pictures. [61] The tenporal |evels that serve
as a cri[i’&ri on AoNAL{attdethe upit nbpacketizatiosef isrge data. Sinceloee dadt wdt  uni t
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pi ctures det ejath pethrd))t dal @e @Rt FRLPI4NIsE 2d@dRPhi T
i nter-view prgd{ﬁfi ét&g %g?j; For exilmc)tJS_eq in. oggg?%%ﬁg%%g&%ﬁ%&bg%e
picture 420 iHOFPFH] R reaeS PSRk SIWReHRt G 4A, pi ctures
422 andl7424 | d&atesampleowkendhelplosiraod2( iHestpiedtin FEG.420is @hcaiddl acenting/ioeks
to that of thgaRUGHIR pfiledMB HRUML ‘ft;cg{eg A66veth g&ﬁ%ﬁ%}é&ml—e@iﬁra—tv' ew
to 171N Menor y,
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accor di ng t o 28f *&% efpreingd hhe aprEohtnis21Q mes tpbercéanence pictmes fonthewirane
t he encodi ng 4a0iid not 26 1pleedh HdfMer.Rncodes the mul ti-view i mage
sequenc it also.encodes a paraneter j.ndicating the deternjnation
resul t @g 1t he AERITS %Lﬁl?f’@e"z?‘%ng Sméﬁ‘ﬁé@ﬁ%trc’?g?cﬂ%esﬁ?td{"(ﬁnéo%éheaencomng
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det erm nes whet her egCh picture 1s referred t rol _
prediction, tHETBHIGINRG hifsireann 2 wilk by drssribedrin defpil mith refbrsnec AEGS. 6A
determ nati onndéBult of the control unit 210.

[77] FIG. 6A illustrates syntax of a sequence parameter set according to an exemplary
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



[68] Since determ nation is performed for determ ning whet her each
picture is to be referred to by other pictures for inter-view

predi ction, information about whether gach picture is to be referred
to by other pictures for inter-view prediction is included in a
parameter for each picture. [69] FIG 5 illustrates syntax of a
network abstraction |ayer (NAL) unit header according to an exenplary
enbodi nent of the present invention. 9 [70] An NAL unit is the unit
of packet i zat S&iieade narmRpserdat dhe Siguense pABINKIAL sel atdordjag er the bresént diventem
data about a gidigleSa 1ﬁwene1rtn{eﬁf6ﬁrnwa1 %ﬁﬂuénd’ﬁ‘fﬁﬂﬁrele%%ﬁp picture
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each picture iIs re erre icture
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pi ctures ref emednwwlmypmmnmocﬁluﬂml[ﬂﬁns fint er - vi ew prediction and
tenpor afgipr edi &isk Qrerview ??écﬁ%%n?ﬂo?ﬂel@wg?ﬁ%@ etH b“%§ ohiees %U%Ia 1

i nformati on. @r nce the c uni t'er m nes
pi cture serve4e&EImAReRn E%“%W%%W@lﬂgéﬂnfarfpmsrﬂoéﬁimﬂeéwofﬂdéfti'Pb%lﬁ on,
pi ctures thatpredicrdtisisg inter-dsw peddédtionce pictures for inter-view

predi ct ) @ ar epRAt srlgge§ng%&9af19ve?xf @ Q‘% nﬂlo? H:Eu?gs F@rﬁ?ﬂ%@%@%&%ﬁgﬂes&%

unit 220 encodes t Vi ew | hage seq ue ces.
encodi ng uni tPIQ%UWE@qSHW%P%Hl%%W@E erence pictures for
each pi ctur e, ‘ukd_imaviege pexiatetpBel F Fl’mL[O]BQs@t@épé_Ehtélgs&l ctures that are

determ be referred.to for
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il lustrated i¥femplry gnbodimentesthepresepionviinfignt o the related art, the
pi ct ur egg4422 amcFIe24Bltﬁsa@I%1 koY £0 @m&ts t&l‘ééfohﬁ écﬁérfb@%né&ﬂd%m inte
adj acent vi ews to tlc L d% %:1 eg%g re referff%,cedgr cturessand.
i nf or mat i on r'ega ’E‘ﬁ‘é ep ﬁn 2%?“}1’9“}1 Pl pthey words,

* Ref Pi cLi se. R*mmerapeb@dmdcmgomblemi amnph@p;allgrpmhhtemmomf/eﬂ these

present i nverﬁlagres rrlaS‘faB.B rretsaeae@%ea oft PwpL ascrverr GraPffer$ 24
determl{égf he co uni, t e re ce pi c%ures for

:
the pic o e§afﬁ RlﬁfBrea &?a%rtem?m iﬂ"ﬂ Q,fLi 2ty ameRBHPIGNIFR it &
anot her exe rrphrdnyvzeemhmgemequenaf frotne waves enaatmtbﬂVEwtpléuicted el terﬁpﬁdm)ﬂ g

unit 220 al Scbr&ﬁ&@&’ d bﬁﬁﬂéﬁﬁé P&quwetl Bt FEHESEha g &ic %frgsdm aéﬁ%lg “View

control unit ;210 to e enco er-viewp
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and 6B. 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][j1’, ‘i’ indicates a view and j’ indicates a
temporal level. As mentioned above, it is assumed that pictures in a temporal level of



[77] FIG G6A illustrates syntax of a sequence paraneter set according
to an exenpl ary enbodi nent of the present invention. [78] Referring
to FIG 6A, the encoding unit 220 may i{pcl ude information for
speci fying pictures selected by the control unit 210 in a sequence
paranmeter set and encode the 10 sequence paraneter set. The sequence
paraneter set according to the present invention includes a syntax
elenent "tenporal _| evel _nax' and a syntax el ement
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e chtes o R RIBRIRbe S L PHET 8 60 S HoSAEHC o
pi cturel®6ln a Eléhﬁ@?( aflovehaglillgstrating 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-



1'1 or '2" fromanong pictures in a nmulti-view inmge sequence from
a view | are interview predicted and tenporally predicted, and
pictures in a tenporal level of I' fromeanmong pictures in a

mul ti-view imge sequence froma view 3 are inter-view pred| cted and
tenporally predicted. [89] In this case,
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FIG 6A [94] cﬁ’ﬁéa% ?IPB]FH[ Eg&gﬁﬁl%walp C%E%Iﬁ? ng%&a eggﬂ;:cordl ng to anot her

exenpl ar resen In FIG 6D,
' t enpor 02] ev eIn IRl vigly gmage sequcnce 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 multi-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



cuse_interview prediction_tenporalievel[i][jc are the sane as those
in FIG 6B. [96] FIG 7 is a flowhart illustrating a nmethod of
encoding a multi-view inmage accordi ng #® an exenplary enbodi nent of
the present invention. [97] Referring to FIG 7, in operation 710,

t he apparatus 200 for encoding a nulti-view inmage illustrated in FIG
2 determ nes whet her each picture included in multi-viewinmge
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other words, ©SPmF8tHenen ARGRSEIPIRERSIHET Prediety epineedpdaising e v etpdictiony

ot her pi ct ur eand reedpock gredivtiti eecotdiig m\ﬂléldaééle erﬁ@éﬂlhﬁd Ba e ﬂilce(?aiesent

i nter-view pr t hod. o ing a multi-view

i mage accor di ﬁg)eﬁ&nfﬁwéb%%rpeﬂ&rgy% vﬁvmﬁlgﬁl ﬁ{ &f the pr esent

i nvent i 6H06lonl Pusiggenigvicahiarge sqgunmcguee@dmgelrmmnem albutigie pigtures selected
inter-view pr ﬁﬁ'ﬁ%ﬁ-ﬂ@w'ﬁ&ﬁ&@ﬂ P bpdR4tRAlIgeD hsvﬁscﬁéﬁgg&gd@ﬂdﬁ{slartécﬂﬁto a bitstream,
non- anchor pi ureﬁ %t(SgB r \u rediction. Thu nly some

pi ctures are PHEYR %’r”& Pé%ayfliﬁrenf;?ﬂe@lm @Fé‘i’ﬁmp‘? SFPgienemh.
To this end, p@ramstedet@rSﬁInmdsagbandlmsemdcﬁto|a|bd:tfstnﬁam|s referred to by
ot her pigiAres F®ro i3ty a\%\“én?ﬁfj@ﬂrﬁﬁ] eherence
pi ctur eg nged fo(? S:1rslt ?6c\1§)£1£ redi cti g%ngé}rﬁ&e%ﬁtfg?&necéaﬁgga HYSY
tenporal | ev efraage PRy lpﬁt%%’é?xﬁﬁ"?@w erplepditagid of By presenidnvzporencodes

pi ct ur ef1G8 t hBefeniig to\HIGVY, ithegpused YoM HeRdeSin ek udttidnaaio1088d Hliccoding
inter-view prﬁ’rﬂ‘;ﬁd on and tenpor aI predi ction based on the

determ nation of operation 710. 1001@ Each of the pictures in the
mul ti - vlIOR] i madbe eaggdoncwst Hlaeqsived p bitesrbamsinelndiag dhte about oywdti-view image
i nter- VI ew pr@uﬁcbmhcaﬂﬁdl Hy&ﬁ@fhé@lbd Bf &Rbdihk Q%@@Qle%viﬂ{ ggh&&d@r& Madie

of each of t i rracted f.rom.the orl i ctur
t her eby generéf:?errllg ?eelg uli? g;?t Fb(fuﬁglc%‘flﬁ Vl‘?)’f‘é% Frsr%fb‘é ?@&J@%@@%data
[ 101] I nter - voidhe prlidiiewiloazd ssqpactsonmitie bitttivemtineledes infomgatibo about

pi ctures det egRich@@acH ficd 4
used for inter-yvi ewr:lc ﬁ%&l %?flginé]ﬁ%lﬁev}%g%n eEdé.\eH&s lﬁl%?&ﬂﬁgplﬁgﬁéﬁgeg%r

al | owi ng ef f i RICENICVHRIRGFYPT R dnformegsn a c’éhicr WB\W‘E“FFEB@ hegp erended
encodi ng, i nfmmimretamnanmtmpmdqardmwnm ned, in operation 710, to

be refergpre PU?&Me@éiFﬂ@f% ﬁlfgﬁednri'ttﬁe{ e;%ﬁ‘a @tldjlﬁtekf?&ftﬁ Rf §t?one1no :9ded

and inserted in a}% tstream More. sp or ma
i ndi cati ng wHEtHEH sy Merg seeciiically, rﬂ?f%‘ltféﬁt@ Wt&lgﬁwwatmeter in-
i nter-view prdiditingieash pnstuncriser&fﬁdnderpﬁc@urauﬁh?ﬁirfaﬂﬁ'l:&fvﬁv@pleﬁa@tkh dHact ur e.
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engoldgdorgg Ir'%ntl onecfﬁaébﬂgehl&[e@(btg%h%gkgA??&ﬁeg ?lfl%met\ 'vlr“tnwgﬁreg’ﬁé?rf?ﬂdl ng
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the information extracted by the extraction unit 910. The data about the multi-view
image sequences included in the bitstream is the residual data of the multi-view image
sequences.

[112] Thus, the decoding unit 920 predicts each picture in the multi-view image sequences
using at least one of inter-view prediction and temporal prediction based on the in-
formation extracted by the extraction unit 910, and adds the prediction result to the
residual data of the multi-view image sequences, thereby reconstructing the multi-view
image sequences.

[113] For prediction, the decoding unit 920 stores reference pictures in a predetermined
memory and performs prediction. However, for inter-view prediction, the apparatus
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



FIG 2 selects pictures to be encoded using inter-view prediction and
tenporal prediction based on tenporal levels in operation 810. The
apparatus 200 may al so select the pictyges to be encoded using
inter-view prediction and tenporal prediction for each view of the
mul ti-view inmge sequences. More specifically, non-anchor pictures in
a tenporal level less than a predeterm ned value are selected as the
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recei ved bit Sﬁlﬁg@éﬁquéﬂ%ﬁa@ peeicftémidgm 1dabtOn8 ¥F fneeglvie%npfé&lbﬁoz%{a temporal

extracts a parapeter icture i.s a rence |ctu
used for int é)rfe\}‘?%e%ba?@ tﬁ??ﬁg&ﬂg B’g?aélr?ﬁtag‘}m\eﬁ?ﬁ‘ a\tf’ge"é]zi'ﬁ Bt cture
has been encogeudtios ﬂ@@ is pdded -ty the\preplicin gesulinthemably teeaponaingphenilti-vien.
Preferably, t;h&gl é‘l& ué}@gsessarl ly, the extraction unit 910 extracts

i nfor (ill an NAL unit header, a sequence paraneter, or

an SEmgﬁ agg&eanweil e, tﬂe exemplary embodiments of the prese19t 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-ROMs, 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



[ 111] The decoding unit 920 decodes data about the nmulti-view inmage
sequences based on the information extracted by the extraction unit
910. The data about the nulti-view inmge sequences included in the
bitstreamis the residual data of the nulti-view imge sequences.
[112] Thus, the decoding unit 920 predicts each picture in the

mul ti-view inmge sequences using at |east one of inter-view
prediction and tenporal prediction based on the information extracted
by the extr actiheont haf tariguochangess imfum and defpil ey deintde thesein vithouttdeparting
residual dat af@fn thB8pitkhdd sc¥pLYf théBE&nPRULERESS deﬁﬂ&@ﬁag@/e followm 1a1ms.
reconstructing the nultl-V|em1|nage sequences. or pred| tion,
the decoding unit 920 stores reference pictures in a predeterm ned
menory and perforns prediction. However, for inter-view prediction,

t he apparatus 900 does not store pictures that are not reference

pi ctures used for inter-view prediction in the nenory based on the
information extracted by the extraction unit 910. Thus, the nunber of
reference pictures to be stored in the nenory is reduced 14 during
prediction, thereby allowng the efficient use of the nmenory. [114]
Mor eover, all non-anchor pictures are not inter-view predicted,

t hereby i nproving prediction speed. Furthernore, fast random access

i s possible. For exanple, when the picture 420 in the second row and
second colum in FIG 4A is randomy 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 have

al ready been determ ned not to be reference pictures used for
inter-view prediction. Thus, fast prediction and random access are
possible. [115] FIG 10 is a flowhart illustrating a nethod of
decoding a nulti-view inmage according to an exenplary enbodi nent of
the present invention. [116] Referring to FIG 10, the apparatus 900
for decoding a nulti-viewimage in FIG 9 receives a bitstream

i ncl udi ng data about nulti-view inmage sequences in operation 1010.
The data about the nmulti-view inmge sequences is residual data of the
mul ti-view imge sequences. [117] In operation 1020, the apparatus
900 extracts information indicating whether each picture included in
the nulti-view inmge sequences is a reference picture used for
inter-view prediction or information indicating whether each picture
has been encoded using inter-view prediction and tenporal prediction
fromthe received bitstream The data about the nulti-viewinmage
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 nmessage may be extracted. [118] In operation 1030, the
apparatus 900 decodes the nmulti-view i mnage sequences based on the
information extracted in operation 1020. Mre specifically, the

mul ti-view inage 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 nmulti-view
i mage sequences. [119] Meanwhile, the exenplary enbodi nents of the
present invention can be witten as conputer prograns and can be

i npl emented in general -use digital conputers that execute the
prograns using a conputer readable recording nmedium or other

transm ssion nedi a. Exanples of the conputer readable recording
medi um i ncl ude nmagnetic storage nedia (e.g., ROM floppy disks, hard
di sks, etc.), and optical recording nedia (e.g., CD-ROVs, or DVDs).
The ot her transm ssion nedia that can include carrier waves (e.g.,
transm ssion through the Internet). The conputer readable recording



[ 120] While the present invention has been particularly shown and
described with reference to exenpl aryl@enbodi rents thereof, it will be
understood by those of ordinary skill in 15 the art that various
changes in formand detail nmay be nade therein wthout departing from
the spirit and scope of the preseniCld4iyagti on as defined by the
following clains. 16 Cains 1. A nethod of decoding a nmulti-view
i mage, the nethod conprising: receiving a bitstream conprising
i nformation indicating whether each of pictures included in
mul ti-vielv i mey& sleeadinga multefispeiagephe mgthodrcopmrisig: t o by
ot hers of I, Gk | ] : . {5 Yl |PBYS SFosugRgces for
i nter-vi er\?vgégfig F%%%%?%E%ﬁ@g?ggg‘g%a t%ﬂg%rlr%*lpgﬁ:ggﬂv% I nagozf%sequgnces;
ext r act i ngclubiel innfudtindew dnagnekqtdreedataacfbaict pidnee nefetred to wyvothera gé
sequences_ fromthe rgcqeii vgd bitstream and dets\efrm' ni ng whet her

hydedym ¢ p

pi ct ur es NABICHHIENF SN 13gs spHepresPRIpteTagE Pediftion cad
are to beda!thsgdj,ufglg_ﬂlm{igﬁé‘yglﬁxéetyﬁgggn%g;on dec_odi ng based. on the
extracted information. 2. The thod of claim1l, wherein the

i nf or mat i extractingd thairifognativetand theedathatwfut fieohultiesew frohgededuénges from

mul ti-vi etg/ i rra.‘?{e Eﬁclfjenges is the reference picture is included in a
networ k aBStv§ £4 Bis e&?’ef‘nq NAL) unit header. 3. The method of claim
1, wher eiddtdrRghifX vhegkd ﬁfﬂguﬁé@.qpuﬁawiﬂ&m &dta ahsht e gidt el dinbhier

conprises extracting information about reference pictures referred to

by each orqednecsire tabeusedpr iaterivieys predirtionflegoding bagedeon heediratttdn and
temporal Rgdhesd.on-

2. The methed of claim 1, wherein the information indicating whether each of
pictures included in multi-view image sequences is the reference picture is included in

a network abstraction layer (NAL) unit header.

3. The method of claim 1, wherein the extracting the information and the data
further comprises extracting information about reference pictures referred to by each

of the pictures for at least one of inter-view prediction and temporal prediction.



