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Met hod for encoding at | east one digital picture,
encoder, conputer program product Background The

WO pwenoi2zen rel ates to a nmethod for encodi ng atPCE&62006/000089

one digital picture, an epcoder and a conputer program
product. In course of the standardi zation works of the

woencl G5 MBLRSSE) LSS FAREL aCEPURL SyBELDRO Lotocer,

compultazegrograpeprbdaptnoti on esti mati on/ noti on
conpensation (ME/MC) , and is an scal abl e extensi on of
the video coding standard AVC, see [1] and [2] .

Besi des the ME/ MC schene available in AVC [2] , key
parts of the proposed SVC nethod are inter-I|ayer
Backggomddct i on schenes. For each slice at the enhancenent
l ayer, a correspondi ng "base |ayer" (specified by the
paranmeter base id plusl, see [1l] ) is chosen to renpve

The ihRenteddndansycbetveanmbhBoADELONhBbQIAGL hON18AL:t Hige
residual information at the "base |ayer"” and those at

digitpRepéfrhaneenent enageer rBdpacEPVBRLySr PReGraRepEOHdYCE.
only one base | ayer for each slice at an enhancenent

| ayer (see [1] ), the coding efficiency may be low in

In couektabti thsestahtgrbishowsnanoekanpfetherMebdi goving
ers according to prior art. Qur | ayers

_ | ay In Fig.l, f
Pictuzeg ﬁFP8§Fr§F%HP)aafmﬁgpoﬁa§8F,Sﬂégﬁg%a video coding

(SVC) was proposed which is based on open-loop motion
estimation/motion compensation (ME/MC), and is an scalable

extension of the video coding standard AVC, see [1] and [2].

Besides the ME/MC scheme available in AVC [2], key parts of

the proposed SVC method are inter-layer prediction schemes.

For each slice at the enhancement layer, a corresponding
"base layer" (specified by the parameter base id plusl, see
[1]) is chosen to remove the redundancy between the motion
information and the residual information at the "base layer"

and those at the enhancement layer, respectively.

Since there is only one base layer for each slice at an
enhancement layer (see [11), the coding efficiency may be low

in certain cases.

Fig.l shows an example for coding layers according to prior

art.

In Fig.1l, four layers are illustrated, a first layer, denoted

by (QCIF, Low), a second layer denoted by (QCIF, Medium), a
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by (QCIF, Low) , a second |ayer denoted by (QClIF,
Medium) , athird | ayer denoted by (CIF, Low) and a
wo oweitb72Bayer denoted by (CIF, Medium . "Low'PCT/SG2006/000089
i ndicates that the corresponding |ayer conprises
codi ng informati on quantized with an accuracy ‘| ower

enixd, M0, hEUFT ot nfCHE T PRET caid 306051 Tl I g s

by (carl ayegishpwn farther to the right in fig.
corresponds to coding information with higher SNR
"QCIF' (quarter common internediate format) indicates

" wl k : (0] | r C : .
o e e Br PO o USRI L5 POl ses, coding
informayéoncqouarspoadiwngth cal GiEtuteoymbowent etrareh ateyer

: format) . This is ,alsp illustrated by a second axis
with i@é?—‘e?ﬁa?éhw ng°t Hg?gjamf‘gye?hjsﬁo% 3L5¢ Het Ly sed dyy @
firsti Bx{501D5 £ 0{hESEANHSG 1oh £00k NDa§ &F 0SB OF W) hi ghale

resol ution. According to prior art, an overall base

right| apefigsl choseaspendhetd i cedinaybnfaolatiQal Fyitlowigher
SNR which is also the "base layer"” for all slices at both
" the third layer 103 (CIF, Low) and the second | ayer
102 (QCIF, Medium) . Wen a scalable bit-streamis
" enerated, the spatial redundancy between the third
QCIFIga;&%Pa{b%r (ePRENOR oif R et ¢ | FQ¥ma ) ekndigaiex that

the cbP¥spBfathe SNRA s iéé’ér%\g’&ﬁ’?% {rﬁﬁ&ﬂﬁ%@ﬂn beiween
the first layer® 101 ( F, Lo and the

lower spatial resolution than a layer corresponding to "CIF"

(common intermediate format). This is also illustrated‘by a

second axis 106, indicating that a layer shown farther to the

top in fig.l corresponds to coding information with higher

resolution.

According to prior art, an overall base layer is chosen as
the first layer 101 (QCIF, Low), which is also the "base
layer" for all slices at both the third layer 103 (CIF, Low)
and the second layer 102 (QCIF, Medium).

When a scalable bit-stream is generated, the spatial
redundancy between the third layer 103 (CIF, Low) and the
first layér 101 (QCIF, Low) and Ehe SNR (signal-to-noise)
redundancy between the first layer 101 (QCIF, Low) and the
second layer 102 (QCIF, Medium) can be removed by the inter-

layer prediction schemes proposed in the wgrking draft [1].

However, there is a problem when the fourth layer 104 (CIF,

Medium) is coded. Since there is only one "base layer" for
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second |l ayer 102 (QCIF, Medium can be renoved by the
interlayer prediction schenmes proposed in the working
waele@btio28i . However, there is a probl em when PEESG2006/000089
fourth layer 104 (CIF, Mediun) is coded. Since there
is only one "base |ayer" Toreach slice, either the

cach bOMFE: BEGREE e EhbsinlaxSEh05 iR A8 ot tene

firsthaBgerwhen therfiratalamerid0dnbsih, abovdei 8pE00SEL @S,
the "base | ayer", the SNR redundancy between the first

Iayer 101 (CF, Low) and the second |ayer 102 (ClF,

on ool HAME) B3008,BTELELETL Lok oTBYSBer SONBLST 4 B cnen =

the "bhdeu&hyémd t haef BNRt hetlageand 94bétXbén dhRdi by stannpér
enoved. On the other hand, when the second | ayer

101 @é? (é€W¢ aRddEhR) SESORA0SBHC s 1P Re (ChBg MPAYRR) | C%%ébe

efflc§gﬁgu rkedyadancy between the second |ayer 102 (QCIF
diu and the fourth layer 104 (CIF, Mediunm can be

eff|C|entIy r enoved. Fbmever t he SNR redundancy
n the fouyrth Ia er ClF di u and. t he
sovevB VEEL LIS 10U LILAEL 108 LOLE, Mgl unl 2d; L. 1o
(CIF,amedivwe)wans thecaddnesn 1Qyérpnobl¢gtzﬁ Mébﬁuﬁ)féénnot
| ayer 101 (QCIF, Low) is set as "base |layer" of the

be reme¥efAd | ayer 102 (QCIF Medium - the first |ayer 101
(QLIF, Low) is set as "base |l ayer" of

On the other hand, when the second layer 102 (QCIF, Medium)
is chosen as the "base layer", the spatial redundancy between
the second layer 102 (QCIF, Medium) and the fourth layer 104
(CIF, Medium) can be efficiently removed. However, the SNR
redundancy between the fourth layer 104 (CIF, Medium) and the
third layer 103 (CIF, Low) cannot be removed.

There are two ways to address this.problem:

1)

- the first layer 101 (QCIF, Low) is set as "base layer" of
the second layer 102 (QCIF, Medium)

- the first layer 101 (QCIF, Low) is set as "base layer" of
the third layer 103 (CIF, Low)

- the third layer 103 (CIF, Low) ié set as "base layer" of
the fourth layer 104 (CIF, Medium)

In this case, as discussed above, the coding efficiency of

the fourth layer (CIF, Medium) cannot be guaranteed.

2)
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the third |layer 103 (CIF, Low) - the third [ayer 103

(CF, Low) is set as "base |layer" of the fourth | ayer
waemei@i2, Mediun) In this case, as di scussed BODY&2006/000089

the coding efficiency of the fourth layer (CF

Medi um) cannot be guarantéeed. 2 )- the first layer 101

F ow) i et_as "base layer" of the second |ayer
- thegggkféﬁﬁﬁyeﬁbzpiangIFhengéoﬁ Payeprs109agectayer” of
the sMedhdmiaiysrsebragochasembayghn) of the third layer 103
(CF, Low - the third layer 103 (CIF, Low) is set as
~ the' ggeendayjaerof 02hdOF&HEr t Metldyml 184s¢Cl & Reaseanjayer”
‘ hiis.cas e di efficiency of the fourth | ayer
of th%o§ﬁ6%?F?a%%gi&§? ég%Fbeigﬁgranteed. However, the
~ thecatlimg ebfeei @08y (0L F, heowhi td kayeas108a€l Fayéem)ofn
t he ga e that the second |ayer 102 (QCIF, Mediunm is
the fPP§t"bi§¥eFa}Qﬂ"(F§FPoMéglPﬁét in the case that the
first layer 101 (QCIF, Low) is its "base layer". The
gap will be nore than 2dB when the gap between the
In thgesakiasteg,i hbdecabdinbgyeffowlientyt bé thsofotroh Lagécat @

by "ClE' and the quality indjcated by "mediypi' at the
(CIF’rgggﬁﬂF?oﬁapné?cggéaaB%XEQCIgow?geFarBE? %ﬂgbﬁ?ect of
efficiBacynyenthenthsrHo1pyeyi de3ancerhansfyl eACEHENGase that

met hod for digital pictures conpared to the encoding
the sgepREddagesot ?néQFngrM@ﬂlémi.ls its “base layer” 1is

lower that in the case that the first layer 101 (QCIF, Low)

is its “base layer”. The gap will be more than 2dB when the

gap between the quality indicated by "low" at the resolution
indicated by "CIF" and the quality indicated by "medium" at

the resolution indicated by "QCIF" is large.

An object of the invention is to provide an enhanced encoding

method for digital pictures compared to the encoding methods

according to prior art.

Summary of the invention

The object is achieved by a method for encoding at least one
digital picture, an encoder and a computer program product

with the features according to the independent claims.

A method for encoding at least one digital picture is
provided wherein a first representation of the picture is
generated, a second representation of the picture is
generated and a third representation of the picture is

generated from the first representation of the picture and
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Summary of the invention The object is achieved by a
nmet hod for encoding at | east one digital picture, an
wepwodensand a comput er program product w th tPEr/SG2006/000089
features according to the i ndependent clains. A nethod
for encoding at |east oné digital picture is provided
“ wherein a first representatiqgn of the pictuyre.is
the sepand HRFeseISEtdmd (HpreSeRI&HSH &Y Eﬁ&dﬁﬁ’}tlﬂ}ﬂetf‘@
codindeNefaed 2pd & tid GiaRHRSNAkne? off khe plickure is
generated fromthe first representation of the picture
using arttt hiel rsdc orep nesErgedritaat icdn thle Hetpiret @ng e second
redictin codi i nformation of the picture
repre%ré I g?%{{ﬁ]ee BIStUT€ 'usi ng the first representation
of the picture and the second representation of the
pi cture. Further, an encoder and a conputer program,

Furthejf o it teRRQISTIdiang 2 FHP U BF I61RTe REOAUST RCAELn
i ait i . [-i .ars i
to th‘?opf%’g‘i%t@vre %é'l?’oéézt{jlﬁqﬁgﬁé l'oe?”e’f% g%%;?;g;{lﬁgﬁr \rﬂe&% ©

descrixgd aibhertk etoownitidaedef erence to the draw ngs. Brief
description of the drawings.- Figure 1 shows an exanpl e
for coding |layers according to prior art. Figure 2

11 1us SHOWSy @M PIRIN BE GO Y iRy ATt I QidTRAp 161 Hehte below
I nvention. Figure 3 shows a decoder according to an

with eebodmenttofthhedrawings.

Brief description of the drawings

Figure 1 shows an example for coding layers according to

prior art.

Figure 2 shows an encoder according to an embodiment of the

invention.

- Figure 3 shows a decoder according to an embodiment of the

invention.

Detailed Description

Illustratively, a prediction scheme with two “base layers” is
used, while both (in one embodiment the layers (QCIF, Medium)

and (CIF, Low) as mentioned above) are the base layers fqr'

"each slice at (CIF, Medium). In other words, there are two

base layers for each slice at (CIF, Mgdium). The scheme is

given in detail below.
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invention. Detailed Description Illustratively, a
prediction schene with two "base | ayers" is used,

wabiobaoaet h (i n one enbodi nent the | ayers (QClFCT/SG2006/000089
Medium and (CIF, Low) as_.nentioned above) are the
base | ayers for each siice at (CIF, Medium . In other
words, there are two base |ayers for each slice at
(CF, Mediunm) . The schene is given in detai

cOdlneehBngaatmgnlaggiaﬁéaoeoa§§eeaﬁé LORESEYT Bs eFSAENL S
I's for exanple chrom nance information order |um nance

exampil af ghiramiipANCTFhénfPenaréonoobdeentvdtdaned beformation.
picture of a plurality of pictures, i.e. one frame of
a video sequence and the first representation and the

The pseeamrd tepbesentatie@nceanbbeogenpiatede USENg POEIONity
conpensation. The enbodi nents which are described in
of PiFRETEENt éxE-oPNEhETABENOA RoVieReoBPARcRAES| adt tlpefirst

repreg%gk%ﬁhoﬂ'QBHrEhérSe88ﬁ&°98g3é¥eM@£ ﬂoﬂoéaﬁﬂgodgéﬁgféted

he conput er program pr n one e
usingt metdenondmpepsesénhati on of the picture has a | owner
signal -to-noise ratio than the first representation
In one enbodi nent, the second representation of the

The eﬁb@HHﬁ@nB@Swﬁlhth@é aesetubk@nihhefet B&ntbkstor the
representation. The second representation is for

methodx Zapl engedéndt a8l $eehttpae digital picture are

analogously valid for the encoder and the computer program

product.

In one embodiment, the second representation of the picture
has a lower signal-to-noise ratio than the first

representation.

In one embodiment, the second representation of the picture

has a higher resolution than the first representation.

The second representation is for example generated such that
it has the resolution according to the CIF (common
intermediate format), the first representation is for example
generated such that it has the resolution according to the
QCIF (quarter common intermediate format) and the third
representation is for example generated such that it has the

resolution according to the CIF.

Fig.2 shows an encoder 200 according to an embodiment of the

invention.
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it has the resolution according to the CIF (conmon
intermediate format) , the first representation is for
weza@apbesgener ated such that it has the resol uBCDHG2006/000089
according to the QCIF (quarter common internediate
format) and the third representation is for exanple
ener at ed, such t hat

as the re ution according to
The Ogﬁglﬁf# VEGO %l§ﬂ6%55%£ Eﬁc%%e?oé%% %%c%?% P t Bl EFes)
to a sa?ednagék 9kntberbpvensi omndhsaos i gipat yégepssbgnal
e coded is fed (in slices) to a base |ayer

genergeperatbas@oRayadhe (base Payerlyeerera@dingeiefarmaton)

anicnPSegLa et Lo SppbaeLvetacoulan LBt og) Mhlehcs

the optfeihelsvitieoosighaal basd@oosi gnal bdhasetlapart herdmsiehe
| ayer. Fromthe gredlctlon generated by the predictor
predlgégoanaeﬂﬁéaB?@g Mth9|Hé%dé?ﬁ%%l2@%1an%nt%%h%ﬁ%%%&§&

v1deoL?¥gﬁa §iatQﬁ ggﬁaﬂ@@ﬁéﬁﬂe§a9@re Qﬁ&f&ﬂ@?tzb@yef

ancement layer coding | nfornation
generenhanaanenhahagmenanﬂayhe base. | eayleanaemen hehagar oteding
Ltlplexed by an encodi ng and mul tipl exi ng unit
lnfor?@Elgﬁ h that a coded video signal 206 corresponding
to the original video signal 201 is forned. A decoder
corresponding to the encoder 200 is shown in fig. 3 .
The ephgncgmenbwsancteabderhgobagecbriehgare bhcenpoardehtand

mult185e%gg bQVEHtERQodlng and multiplexing unit 205 such
that a coded video signal 206 corresponding to the original

video signal ‘201 is formed.
A decoder corresponding to the encoder 200 is shown in fig.3.

Fig.3 shows a decoder 300 according to an embodiment of the

invention.

A coded video signal 301 corresponding to the coded video
signal 206 generated by the encoder 200 is fed (in slices) to
a decoding and demultiplexing unit 303. The decoding and
demultiplexing unit 303 extracts the base layer (i.e. base
layer coding information) and the enhancement layer (i.e.
enhancement layer coding information) from the coded video
signal 301. The base layer is fed to a predictor 302 which

generates a prediction from the base layer.

The prediction and the enhancement layer are fed to a post

”processor 304 generating a reconstructed video signal 305

corresponding to.the original video signal 201.
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A coded video signal 301 corresponding to the coded

vi deo signal 206 generated by the encoder 200 is fed
W@ eweadi2zees) to a decodi ng and demul ti pl exi ng BPEI/8GB0&000089

The decodi ng and denul ti pLexing unit 303 extracts the

base | ayer (i.e. base Iay r coding information) and

t he enhancenent | ayer . _enhancenent | ayer coding

The pRPGFRREPONFNE  BRFL ﬁ%ceeaéd3 0F B oF SR cp= I THEA RS

to fuh®¥€bni 8c£E84iQg ath@HéCM?EG3@@o¥@ﬁ§hP9@@§f@§e§x§b
prediction fron1the base | ayer. The™ prediction and the

Groupg¢nhbacdardt o agecondéngetot bha Hosé4 psozrdsod 8odcept
t ted d ' | 305 .
ror g FUbbhdn R FERTRECE PEr b 0 oo Ry E o op e

encoder 200 and the decoder 300 are for exanple
adapted to function accordlng to the MPEG ( Movi ng
AlthOP%t theserxpeer ZPOuprdstBAJARECSRT atedrirvg Pec®he H

explaéégé aEﬁéfé?%SXEﬁQE %85 %QShpgg%ééO%@tﬁﬁgaéHﬁ er %ﬁﬁf

ing to e Irnvention oug enco
layeranthéhe flecoderb388 hayerbeeneeamtadasdzon tie lsasesed
at for egch s|lice at .the enhancenent | a there is

) N
in dlSEErS%Eem? $8r, IRhB2EREGHERT 260 %%%e%ew%§€% the

predidtbiep g8t - O0EESesi HoPar LhEH! Bhiei PafOAES,WRET &5t DUt and
predi ctor 203 receives nore than one base | ayers as

calcuilppes anﬁr@éicuigneﬁoamptbasétm@nefbhamth@@eba©¢elah@ns

one. base | a Lgplicly foII WL N
ror <R SEREw FHE hEotERe bTbr “tlahiEncPh BB phPext of
the eflecader2800 hﬁé aéeoderrespondénghéua@tr@@pbnayng

functionality.

For each slice at the “enhancement layer”, there are possibly
two base layers that are for example labeled by base-layer-

idl-plusl and base-layer-id2-plusl, respectively.

In the following explanation, the layers denoted by
(QCIF,Low), (QCIF, Medium), (CIF, Low) and (CIF, Medium)

already mentioned above are used.

As mentioned above, "Low" indicatés that the corresponding
layer comprises coding information quantized with an accuracy
lower than a layer with corresponding to "Medium". "QCIF"
indicates that the corresponding layer comprises coding
information for a lower spatial resolution than a layér

corresponding to "CIF".

4 If there is no “base layer” for the current fenhancemeht

layer”, for example, (QCIF, Low), both of the parameters
base-iayer—idl—plusl and base=layer-id2-~plusl are -1. If
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For each slice at the "enhancenent |ayer", there are
possibly two base |ayers that are for exanpl e | abel ed
whyoobasrsi ayeri dl - plusl and base-| ayer-i d2- pl B&T/SG2006/000089
respectively. In the foll owi ng expl anation, the |ayers
denoted by (QCIF, Low), ( F, Medium, (CF, Low and
(CF, Medium_ already nentloned above are used. A's
there ift PBABICRBRZSS "1IVPT | FRIF CRi @ SCEFERDE Hnhancement

LayerfOEbESBRRAbIG, | UEF, COBRI | 68 FOCERAD hdh ALAR! 1100k e
quanti zed mnth an accuracy |lower than a layer with
layereodiepponti ngfens "MediQOTE, "KywFwamdmbaﬁﬁfiay¢nnld%e
correspondi ayer conprises codin nformation for a
R e R L R R A T
enhanc@hgnt léyéﬁ?rﬁotseﬁ Smpbase( ¢ENﬁfMed£mmIhEba§éWIéyér—
"“enhancenent | ayer” for exanple (QCIF, Low) bot h

idi- péﬂsﬂhéeégran%@ef@C%EseM¢@y@ml|@mdp¢®%¢ haer-id2-plusl
refer?aﬁg ?¥§r %ggfplﬁﬁé &f§re tﬁé£$e$§¥'ﬁe Ye OB RS Cror
ayer ‘for't current - enhahcenen ayer or exanpl e,
the i0CkF-lbhowy pndd{€Xlén dEd(ODF, ,Mbabehpyesrriad -@htushy
refers to &QCIF Low) and base-layer-id2- plusl is -1.
the predifEPE aPe’two base layers for the current
enhancenent | ayer, for exanple, (CIF, Medium
base-1ayeridl- plusl refers to (QCIF, Medium and
Mode bas@redyet- FdompkGEF, rkpers(ioe( Oise (OW), .LdWkeras$ opase
here may be three nodes for the inter-I|ayer
rediction of (CIF, Mediunm) carried out by the
predi ctor 203:

layer

Mode- 2: Predict from (QCIF, Medium) (i.e. use (QCIF, Meédium)

as base layer)

Mode 3: Predict from both (CIF, Low) and (QCIF, Medium) (i.e.
use (CIF, Low) and (QCIF, Medium) as base layers).

Modes 1 and 2 are carried out as described in [1] and [3].

" A mathematical description of mode 3 is given in the

following.
Suppose that the reference frames are Zizn%,%) and Aon(x,y)

at the resolutions of QCIF and CIF, respéectively, and the low
gquality and the medium quality correspond to two quantization

parameters QP and QPp, respectively. Let (dxq,dyp) denote

. the motion information that is generatéd for (QCIF, Low). For

simplicity, let D(1,1, 2n,2n + 1, %, y, dxqg, dyg) and
D1, 2, 2n, 2n + 1, %, y, dx(, dyg). denote the residual information

that is coded at (QCIF, Low) and (QCIF, Medium),
respectively. Mathematically} they are given by
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Mode 1 : Predict from(ClIF, Low) (i.e. use (CF, Low
as base layer) Mdde 2 : Predict from (QCF, Mdium
w@ eoe/1028e (QCI F, Mediun) as base | ayer) Mbde BCT/SG2006/000089
Predict fromboth (CIF, Low and (QCIF, Mediunm (i.e.

use (CIF, Low) and (QC F,l%di um as base | ayers)

Mbdes 1 and 2 are carried out as described in [1] and
[3] . A mathenmatical description of node 3 is given in
the followng. ~ x y Suppose that the reference franes

DL, 1, A6,@nA+2D, £, yIdxg,)dm0 A SYAEX,1 0% ) at- BbeF esdkyt £onsdyg)
of QCIF and CIF, respectively, and the | o quali®y and

: ' ality correspond to two quanti zati on
fox (%gfghr%?‘]’érgé ] _ and QP2 respectively. Let (dxg, dyg)

denote the notion information that is generated for
é@IF, Llow) . For sinplicity, let DI, 1, 2n, 2n + 1
D(L, 2, 2mp2n L, XA Xay40) an PVl 20p 20 by oy g%, dVR) |y |
dxQ dy ) denote the residual information that is(1)
cqoded_at _( L and ( E, Medium :
_IQQPJr@@B]e@ "\}e%! Erk/a""t ﬁ’e Y }éﬂ’%%o)t)ﬁéy are given byD(1, 1
, 2n, 2n + 1, x , vy, dx, dy) = SD (A2n +i(x, y ) )
- A2n ( dxg, dy) , for (QCF, Low and D(lI, 2, 2n, 2n
for (gcir, Medidm) dxg, dyg) = DI, 1, 2n, 2n + 1, x , vy
, dxg, dy) (1) -ICXPlECXP(D(I, 1, 2n, 2n + 1, x ,
whereySp dgootep0a) fpwn-samp ing operation (see [1] ,I[3]).
The residual information that will be coded at (CIF, Medium)

when mode 3 is used is then given by

B2, 2n, 2n + 1, %, y, dx, dy, dxq, dyg) =
. ﬁsr(2, 2n, 2n + 1, %, y, dx, dy, dxg, dyg, QF», i, J)
_IQQP]_ (QQPl (ﬁsr(lr 2n, 2n + 1, %, Yr dax, dYI dXOr dYOr QP_I_I il j) )) .,

(2)

where (dx,dy) is the motion information at the resolution of

CIF, and

ﬁsr(l, 2n, 2n + 1, x, y, dx, dy, dxq, dyg, QPy, 1, J) =
D2, 1,2n,n + 1, x, y, dx, dy)
1
Sy 2, I00p, (Qop, (B k 20, 20 + 1, %, ¥, dxo, dyo) ) ))
k=1

-1 * ;
2]

(irj) e{(olo)l(llo)}ll = 1127
D2, 1,2n,2n + 1, %, v,dx, dy) = Bon4+1(X, ¥) = Bopn(x — dx, y —dy) .

(3)
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for (QCIF, Medium where S denotes a down- sanpling
operation (see [1] , [3] ). The residual information
wao b@b/106281 b e coded at (CIF, Mediun) when nodeCBSGH06/000089
used is then given b y X 1 2N, 2n + 1, x, y, dx,
dy, dxg, dy) =Dsr (2, 2n, 2n + 1, X 3 y , dx, dy,
where+Sm dé;%ote? andk‘tp a%mph;% %)S Pl DS _(Li
e motion.information at th
208, Hé&a 861 6 BPrGiEa iy Bsesakﬂonzwltcb blhelesog
parametﬁr 58% agg)%PQEdefngtFE %heoD§rr?fpbaé}hg 1nye£Se
1 X,y , dx, dy) A2n + i (x, VY

)
St

~quant}zg¥%§§nOP§rat&Qn y - dy) . (3)mhere S denotes an

up-sanpling operation (see [1] , [3] ), Qp, denotes a
quantlzatlon operation with quantization paraneter QP
The vapge] QLEQ( |D,aéné§e§hpﬁénc@daé§,p‘@ﬂélyngo|m@wéze the

remalﬂgggtkégﬁdggéoQ%%%Eh8@1?ﬁggtvﬁkgﬁegfrgkolg ?hs chosen

I'm zé€ resi
|nfornat|on at higher resolution. Equation (1) is
dopted to renove the SNR (si nal-to rati o) _redundanc

Equatg@pwééh LBCRECPLER) tanderere FrhRedNEn S1orglat PoRa kY
redunﬁga§§egeE9eéﬁ”q&%I%heLéNB cgdundaney hehwegh. (Erfation

(2) is used to remove the SNR redundancy between (CIF, Low)
and (CIF, Medium). Equation (3) is applied to remove the .
spatial redundancy between (CIF, Low) and (QCIF, Low), and
that between (CIF, Medium) and (QCIF, Medium).

When two. successive layers denoted by layer 1 and layer 2 are
used, wherein layer 1 is truncated from layer 2 by the SNR
truncation scheme described in [3], two different SNR

truncation schemes on the parititioning of an MB at layer 1

can be used.

One SNR truncation scheme is that the.partitioning of an MB
is non-scalable. In.other words, both the MB type (MB_ type)
and the sub-MB type (Sub MB type) of an MB at layer 1 are the
same as those of the same MB at layer 2. Intra texture
prediction using information from layer 1 can always be

performed for all Intra MBs at layer 2. The MB type and

-Sub_MB_type<are coded at layer 1 and do not need to be coded

at layer 2.

The other SNR truncation scheme is that the partitioning of

an MB is a coarsed one of that-at layer 2, the relationship

between the MB type and the Sub MB type of an MB at layer 1
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and (CIF, Medium . Equation (3) is applied to renove

the spatial redundancy between (CIF, Low) and (QCF
wa.owp/19728nd t hat between (CIF, Medi un) and ( QQPET/SG2006/000089

Medi unm) . When two successive |ayers denoted by |ayer

1 and |l ayer 2 are used, ﬁﬁ%rein layer 1 is truncated

fromlayer 2 by the SNR truncati on schene described in

and thage, of kel 49 Bk & = SRR [ T CERY N 2 Gl Bred Heh
Tablega{lgﬁélﬁnlfg%ég g@¥ | ayer 1 can be used. One SNR
schene Ts

truncati oh at the partitioning of an MBis
non scalable In ot her words, both the VB type

tyvano) crbh A2 v A [ Cho

T EriE Fo L e g e sat AL O (e Gtk Vo AL

16x16l ayer 2 . Tnira texture pregicd 1 on using i nformatron
fromlayer 1 can always be perforned for all Intra MBS

16x8 at layer 2 . The MB_type aﬁﬁﬂgwi@&§type are coded at

|a\1r\r 1 - and do-not _nend -t ha_ecadad n oy 9 Thao

. ullu \C Aw) TTOTU LILAYAYAY | C U U I Q)’CI = . LILILAYZ
8216 other SNR truncation scheﬁgﬁigy ﬁgt the partitioning

gxg Of an VB is a coarsed ong Dixidadx108, 16EI8x8 , Lhe
relati onship between the IVMB_ tvoe and the Sub MB type

Tableol. aﬁelx@ta@nﬂay;erbdumdemh’ds% MB_tyree cof |acdiRcd B ayger 1

i 5Led bl es, 1 tivel
ana chdlPhe teRbe SRR HECREIARERa type br can W a

| ayer 1 and that of the co-located MB at | ayer 2 Table

2 Rel ati onship hetween the Sub MB type of an MB at
Sub MB type at layer 2 Sub MB type at layer 1
8x8 8x8
8x4 8x8,8x4
4% 8 8x8,4x8
Ax4 8x8,4x8,8x4,4x4

Table 2. Relationship between the Sub MB type of an MB at
layer land that of the col-located MB at layer 2

Now, let layer 1 and layer 2 be two successive layers where
layer 1 is truncated from layer 2 by the spatial truncation
scheme described in [3]. For any Macroblock (MB) at layer 1,
the four cojlocated Macroblocks at layer 2 are identified.

Two different spatial truncation schemes can be used on the

parititioning of an MB at layer 1.

A macroblock is a fixed-size area of an image on which motion
compensation is based. Illustratively, a plurality of pixels
(for example the pixels of a 8x8‘rectangle) are grouped to a

macroblock.

One spatial truncation sgheme is that the MB_ types of four.

MBs at layer 2 are totally derived from the MB type and the
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| ayer land that of the col-located MB at |ayer 2 Now,

let layer 1 and | ayer 2 be two successive |ayers where
Wo apeno728i s truncated fromlayer 2 by the spatPel/SG2006/000089

truncati on schene descrihﬁ in [3] . For any

Macr obl ock (MB) at Iayer the four co-Ilocated

Macr obl ocks at | ayer are identified. Two different

Sub_MBnE¥Pa| of r Rt afPuo %%%%E%B cah bayeisely oh @ hethey do not

need Eéfbé'EbQQathoia M3 ain%fﬁeEthu r%?%ﬁf%%f&% déﬁﬁb
fixed-size area of an I nage on tion

lnform@hpenséromnlasebabe@anIalwsy$ab¢v§¢@£ozmqﬂLﬁqﬁia@lof

pixel s, (for _ex et i xel s of rectangl e e
mnera (S 2501 80aE AT hER B PiE St v MY s [oh ShiBhet
layeri 3 &hatdbhevdB LypesdDigfedrchdBso Blow BYStwo ddses:

totally derived fromthe M type and theSub_MB type of

the co-located MB at layer 1, i.e. they do not need
Case 1OA1kR8nf|;} ?ﬁg f&uLaCY —rlgc té@tl\'/:ﬂ%st eﬁ(ﬁéﬁfg 4 e%{&tl\llé)r‘ﬂlth
usi ng ornafion fromi ayer ctan al ways Dbe perfof ned
MB ty]_bernatl aknl6al &/BsTix Mmy’eypé is Thes Mhd toipe sulsl MB type
an MB at layer 1 are derived accord*ng

is de?%rfffﬁaﬁ?@ogyoW%gM%mbm%s%% Chraseonrogrerfite ¥oura
layerCQ | ‘?ﬁ@t §6o MBS, + {Her £ndi St RACi M Wi 1 NiMB_1 ¥P&; DL 3y
. The WB type is 8x8 and the Sub _MB type Is
Tabledétern1ned by the MB type of the corresponding MBs at
| ayer 2 . The Sub_MB type and the initial MWs are
given in Table 3 . Table 3 . The Sub MB type and the

MB typ8l btal WMWY sl MByekpd .(also the Initial MVs at

layer 2 auxiliary Sub MB type) layer 1
at layer 1
lex16 8x8 Divided the MV at

layer 2 by 2.

l6x8 8x4 : Divided the MVs at
layer 2 by 2.

8x16 4x8 Divided the MVs at
layer 2 by 2.

8x8 4x4 Divided the MVs of
the upper-left
blocks by 2.

Table 3. The Sub MB type and the initial MVs at layer 1.

Case 2 The MB types of the four co-located MBs at layer 2 are

16x16. The initial value of MB type at layer 2 is set as 8x8,

and four MVs are derived by dividing the MVs of the four co-
located MBs at layer 2 by 2. The final MB: type and MVs are
determined by the RDO with constraints on the truncation of

MVs.
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Case 2 The MB_ types of the four co-located MBs at
| ayer 2 are 16x16. The initial value of MB type at
wo 200610281 s set as 8x8, and four Ms are deri vRdI/B§g2006/000089
di viding the MW/s of the fgir col ocated MBs at |ayer 2
by 2 . The final M_type d Ws are determ ned by the
RDO wi th constraints on the truncation of Ms. The
The oghpér sppaipral trrnAehiPBnsSkeReel s sthadiRBEYpRsobffour

MBs a£0ﬂ5¥Q§52a ahﬂ%@fb% ﬁg@gg$lgg?d€%e£ﬂé oca?%%hﬁgg the

e an e co
Sub MBaygpelof Aheaumrﬂoaaye@BMBy@E lsysetlasAﬁxSulelahp
at | ayer d_an ub MB. t s set,
MB_tyBe s HEENBSaB P agar SUACHE. B AV ThuhRERR B bt TArY

sub MBheyper nespanrdicag MBcAt sh]@é/ﬁﬁ 2t . 158t arkycbeaihe SHR
~ sCalability, the relationship between the actua

the MﬁBtvyseoin@hsuﬁowgeﬁppedanq MheabukaYﬁér% oPemibaely to
| es an C T bl e

the i RERLABAISRNET dhanPingr 1o BE T vt AR fobeede

MB tybayahdlsﬁabMB EypeR@hattnésauﬁlbgam@e@nagxakealysa@@ in
actual Sub™MB type at_layer 1 Context Adaptive Binary

Tablegs it AREt Pe CEEPRETLYABAC) al ready adopted in MPEG 4
AVC [2] is also used for entropy coding in current
Wrking draft ([1] ). The only difference between them

AuxilisryhBB tlieecatr @ayewolki njctual tMBasypddati bapér 1

caontavt mmdalc far additinnal cocvunt ayv ol eprpts gnr{ Ef‘Q
8x8 O reae—S—+o+—a6tat+

....... y
coding. In 16x16;8x16,I6x8,8x8

Table 4. Relationship between auxiliary and actual MB type at

layer 1

Auxiliary Sub MB type at Actual Sub MB type at layer 1
layer 1

8x8 .| 8x8

8x4 8x8, 8x4

41x8 8x8,4x8

4x4 8x8,4x8(8x4,4x4

Table 5. Relationship between auxiliary and actual

Sub_MB_type at layer 1

Context Adaptive Binary.Arithmetic Coding (CABAC) already
adopted in MPEG-4 AVC [2] is also used for entropy coding in
current.Working draft ([1]). The only difference between them
is that the current working draft has additional context
models for additional syntax elements and FGS coding. In
order to improve coding efficiency, CABAC uses various:
context models for each syntax element. The context modeling

makes it possible to estimate more accurate probability model




10

15

20

25

30

order to inprove coding efficiency, CABAC uses
vari ouscontext nodels for each syntax el enent. The
weoeomwbax2snodel i ng nakes it possible to esti mat BCHBGH06/000089
accurate probability nndeL%or bi nary synbol s of syntax
el ements by using syntax enments at nei ghboring
bl ocks. Meanwhil e, there are two independent notion
for byBaFPr S¥TRP4S PVRENLRE EhRTRFFHEPY casSENGhSYRE2Rere is

elemeRARLYaPNEe QLR M§CHOEckEel d in the latter case. The
statistics of the " SNR/ spatial refinenment schene and

the SNR/spatial truncation schene are usually
Lfferent, different.cqntext npdels,are used accordi ng
meanufiy L0t Bl p et R ERt 1 SRRb AT e S et LS
(MVFs$enh thentbhreeneager wholéhendesoderohdy bayefodid®
specify whether layer 1 is truncated fromlayer 2 or

vectopofie¥felinj thef lathpansasayefha skatishtas eol f klagn

2 ' ' t e ' t
s/ sbBLE8) Zer e ELERol I8 LAVShud L5y 00k CUGeRL o
schembeader ustalilhedtfifeeaht wod kf figremaf tofWVExd. Bodéls )are

for encoding the notiqgn field_ of an, enhancenent | ayer,
used ?ﬁBOHEEPnggcRH?NBTbﬂ§H%§n%r%fp%%%ibm%emﬁl%ﬁdi¥¢%%rt%

bit ikhgeAPdesAPPhECARESALR tHeLRASEtBYEF: £br layer 1 to
BASE LAYER MODE" and " QPEL_REFI NEMENT MODE". en the

specifpABEe LAYERLMPBE" i $susednazidedof fomt hayer n? opandton The

. ks.transmtted for.the correspopndi ng, macrobl ock. This
bit of g1 BaIRY A ey B b IR TR R B TLa et o e
impliesfonaat lapeint! udi ngtt beuMbpadtftomnifgeof 21 MBhis bit

. . corresponding MB of the "base
is included in thé slice header.

In the current working draft (WD 1.0, [1]), for encoding the
motion field of an enhancement layer, two macroblock (MB)
modes are possible in addition to the modes applicable in the
base layer: “BASE LAYER MODE” and “QPEL REFINEMENT MODE”.
When the “BASE LAYER MODE” is used and no further information
is transmitted for the corresponding macroblock. This MB mode
indicates that the motion/prediction information including
the MB partitioning of the corresponding MB of the “base
layer” is used. When the base layer represents a layer with
half the spatial resolution, the motion vector field

including the MB partitioning is scaled accordingly. The

.“QPEL_REFINEMENT_MODE” is used only if the base layer

represents a layer with half the spatial resolution of the
current layer. The “QPEL REFINEMENT MODE” is similar to the
“BASE LAYER MODE”. The MB partitioning as well as the
reference indices and motion vectors (MVs) are derived as for

the “BASE_LAYER_MODE”. However, for each MV a quarter-sample
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| ayer” is used. Wien the base | ayer represents a |ayer
with half the spatial resolution, the notion vector
wo p@bdoi2ec! udi ng the MB partitioning i s scal edPCT/SG2006/000089
accordi ngly. The "CPEL_REE%NENENT_NDDE" is used only
if the base |ayer represents a layer with half the
spatial resolution of the current layer. The
MV refePEEeREFINENENT REDEL £8rsearhaliVieompenent) is

addltl §E;kA¥EEh§%E%%edTgﬁdwgdeéatEB'Qﬂén cfsvug! fryas the

erehce I ndices and notion vectors (M/s) are derlved
as for the "BASE_LAYER MODE'. However, for each MV a

uarter-sa refi nenent (-1 , or +1 for each W
There 8ﬁ§0néﬂt?ggs %gé %W8H§YI§ P%%n@ﬁg?ted and added to
“NEIGHBRORHEODVRErMVEMENREMEDEr ¢, whDcRNBe 8ABOEhABRNEhe @ NEW

node " NEIGHBORHOOD REFI NEMENT _MODE", whi ch neans t hat

mothPH@rﬁdﬁpﬁhppréaf@rméﬁlpﬁfénﬁﬁvdéﬁg|hbeuMBngarhetAEﬁlng

ot rBRCLELLOBLNG;AL e B0t eshOndLgLILP: of o L3cdPaRE the

use

MV ofeahbmceneat tayeénhsnbamanﬁelgpbﬁrh@oﬂnoé héaghbérm@@d
correspondlng bl ock at its "base |ayers". Same

of thagpef RBER| REMERTPREBERJ QlPéklﬁEn%FF FF%@nﬁPY%Hsls Same

“Q@ﬁ%‘kE@@ﬁhMﬁﬁ@nﬁﬂbEbed UEinement information is
ORHOCD . REFT NEVENT MODE™ - TS applicable to both

add1t$NRa§catabsmntyedndOspaFNEEGﬁﬁaRHQOD|R?FlsﬂnbﬁgeM®hE” is

2pp1178b18" e Both Y a1 dren 36K, dhe) PRpt et condlabibify-

the center of the neighborhood is (dxg, dyg) . Wen
the spati al scalablllt% i's studled the center of the
Supp0ﬁ§|éhgomﬁgbgnlgector ) of a block at the “base layer”

is (dxqg,dyg). When the SNR scalability is considered, the
center of the néighborhood is. (dxg, dyg) - When the spatial
scalability is studied, the center of the neighborhood is
(2dxqg, 2dyg) . Same as “QPEL REFINEMENT MODE”, a refinement

information is additional transmitted. The

“NEIGHBORHOOD REFINEMENT MODE” is applicable to both SNR
scalability and spatial scalability. The new mode is in one
embodiment ‘designed by also taking the SNR/spatial truncation

scheme described in [3] into consideration.

Assume that quantization parameters for the generation of
motion vectors at the base layer and the enhancement layer
are QP, and QB,, respectively. Normally, the size of
neighborhood is adaptive to QB, and QPs, and is usually a
monotonic non-decreasing function of | QBs — QPy |. The choice

of refinement information depends on the size of the

neighborhood. An example is given in the following.
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(2dx0 , 2dy0 ). Same as "QPEL_REFI NEMENT_MODE", a
refinement information is additional transmtted. The
w0 NEb/BHBERHOOD REFI NEVENT_MODE" i s appl i cabl e pOI/862006/000089
SNR scal ability and spati scal ability. The new node
is in one enbodi nent designed by al so taking the
SNR/ spatial truncation schene described in [3], into
When [ @Rsid&Fat| ok AR (AP quditicshaich fdtafetas % or
. .th eperatign of notiaon. vect.ors at the base . a a
ne1onhth iR bR ARG ST 3 O St pe AT diay he
SNR tNoisation ddteensd zehDft el ghdrordloathirscaadapt ischdne GRe
. and q‘[?e and is usually a npnotoni a non-decreasing
listed it Tomles § amk L, 3PSl ehoi ce of refi nenent
i nformati on depends on the size o f the nei ghborhood.
An exanple is given in the follow ng. When 1QPe - OP |

MV atish@rieaser| Thanpos dilvles il cdsher 5irzef iafemegitghbor hood
and the choice of refinenment information for the SNR
layertruncation schenme and the spatial truncation schene

Full Tsted |_a"p,iesg,lbcganq,/a,2 TEespectivery. Tabte 6 -
b 2?% bor hooﬂdﬁjf'or t he 'SNB t?'unc'at}l on MV at the base The

Half pDssibl e chpt*eed ,ofk efi nement |[ayer Full Pixel {-i,

r 1 Hal f Di val [ H
]

H—H O H ¢ 1} Half Pixel { H_ —H 0 )
Table ar et IBPEioqd HOD they SN EHTECATI ghbor hood f or

the spatial truncation

MV at the base | The possible choices of refinement
layer

Fuil Pixel {-1, -*, =%, 0, %, %5, 1}

Half Pixel {=, %, 0, %, s}

Quarter Pixel {-%, 0, %4}

Table 7. Neighborhood for the spatial truncation
Similar to the “QPEL REFINEMENT MODE” described in WD 1.0
([1]1), the mapping between the refinement information and the

integers is predefined (see Table 8).

Refinement -1 |-% (- [0 14 is 1
information
Integers -4 (-2 (-1 |0 1 12 4

.Table 8. The mapping for SNR/spatial truncation



10

15

Simlar to the ' " QPEL_REFI NEMENT_ MODE" described in WD
1.0 ([1] ) the mappi ng between the refinenent

w0 pdoenomsi on and the integers is predefined (sSPeT/Iaimoe000089

8). Table 8. The mappi ng for SNR/ spatial truncationln
this docunent, the followng publications are cited:
[1] Julien Rel chel H9| ko S‘_g)v?rz and Mat hi as W en.
In th%r‘%‘?ﬁ‘&“ﬁ%ﬂ hye o L opiAS PP L 15t/ D o SSEH TR e
Vi deo Coding, |ISOIEC JTC1/SC29 WA | MPEG005/ N6901,
Kong Hong, China. Jan. 2005. @‘lﬂa | nf or mat i on _
[1] JuktemoRepyh<chdiriild Fhwarav |Mat} i JLiepgr tWopking

vanc \/ D 96- 3]l.Z. G

prare HYFTC5 P56 AT DL ey kI Todida D 4 5
150/I1B0dIECl/fang WRET MERGAY0 BN EID Scat ey élddglecGodi.nglan.

| SO | EC JTC1/ SC29 W& | MPEG2004/ ML1187, Spai n, Cct
2005.2004.Cainms 1 . Method for encoding at |east one

digital picture, wherein - a first representation of

the picture is generated - a second representation of
[2] ImﬁermhtiuneTéshzg@lmg}af@mﬂln@ ¢hidubdrepfienent Qb jactef-

part 407 RevpteuriadR e R e by 15 RS AR R e "
picture by predicting the coding information being

assigned to picture el ements of the picture using the
[3] ZfiEstLiepKesknt¥aneon Bf B hebBhct¥r elahd § hRahw and

F. Palerep& Sﬁ&%@“é’mé’rﬁt%zﬂ sé’éﬂk&'idée video EL QA acEy AifY to

JTC1/SC29 WG1ll MPEG2004/M11187, Spain, Oct 2004.
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representation of the picture is generated such that
it has a | ower signal-to-noise ratio than the first
w0 epraerst ati on. 3 . Method accordi ng to cl ai nPQI/$SG2006/000089
wherein the second represEBtation of the picture is
generated such that it haS a higher resolution than
1ai the first representation. ' 4 . Method according to
Claims aim 1 , wherein the second representation is
generated such that it has the resolution according to
the CIF. 5 . Method according to claiml , wherein the
- Mefthost fogpeasediagi ef Lsagénenat ddgstish phature, haseraén
. |yt i.ng .to e 6. hod, accor di ng
= 830 LRRRpsRaERLToR o cher pRthsr ba AP PERENS
a sgeoedatrepregehtbhabni bfhaaet pectasel Uki geneegoedi ng to
the CIF.7 . Encoder for encoding at |east one digital
a thigcdureprerRaiathornetehbgdBLCEBHBr i8egeeafpdsErom the
£irstISRPrALLARHALL 8¢aphedptgrgenengle el Le8bng
representation of the prcture - a second generation
repregentaddapt od tbegpnetate hyspreddctépgeskat abdibngof
, the.picture - a thir eneration unit adapted o |
inforyafdPhy k43R A Ra  PRpre LonPACE Ao LEREApE GPbr BN BiFture
usingt R@ef iFAgktr eppeeerhaht9Bnobrt BRePheEHhec2BHAt BB SE68HHJ

representati on of the picture
representation of the picture.

’_l

2. Method according to claim 1, wherein the second
representation of the picture is generated such that it has a

lower signal-to-noise ratio than the first representation.

3. Method according to claim 2, wherein the second
representation of the picture is generated such that it has a

higher resolution than the first representation.

4, Method according to claim 1, wherein the second
representation is generated such that it has the resolution

according to the CIF.

5. Method according to claim 1, wherein the first
representation is generated such that it has the resolution

according to the QCIF.

6. Method according to claim 1, wherein the third

‘representation is generated such that it has the resolution

according to the CIF.
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by predicting the coding information of the picture

el ements of the picture using the first representation
wo@Roobhe72gi ct ure and the second representati on PET/SGE06/000089

picture. 8 . A conputer ﬁgggran1product, whi ch, when

executed by a conputer, es the conputer performa

met hod for encaoding at_| east one digital picture,

7. Engrepgi hor §nFPASRdrapr eSeAfabPendbsitae @%%?%?%r|§hereln

the egggg@gtggmpr§ségcond representation of the picture is
gener ated - third representation of the picture is

- a fgen@reeedrﬁtmnntheltlasaptegrEQeqeaer@heoa Thespicture

and tg sec? gh re entatlon of the picture by
rePresPRRrELPRgOth ®information of the picture

- a s@b@ﬁﬁnbén@ﬁcath@nplﬁil’dr&dé!@t@@ tBegéhepit& ePpreseshat i on
of the picture and the second representation of the

repregegtgedon of the picture

- a third generation unit adapted to generate a third

representation of the picture from the first representation

of the picture and the second representation of the picture

'by predicting the coding information of the picture elements

of the picture using the first representation of the picture

and the second representation of the picture.

8. A computer program product, which, when executed by a
computer, makes the computer perform a method for encoding at
least one digital picture, wherein

~ a first representation of the picture is generated

- a second representation of the picture is generated

- a third representation of the picture is generated from the
first representation of the pictﬁre and the second

representation of the picture by predicting the coding

. information of the picture elements of the picture using the

first representation of the picture and the second

representation of the picture.



