1 Method for encoding at |east one digital picture, encoder,
conput er program product 5 Background The invention relates to a

nmet hod for encoding at | east one digital picture, an encoder and a
conputer program product. 10 In coursé of the standardi zation works
of the MPEG (Moving Pictures Expert Goup) a nethod for scal able

vi deo coHekhod( BYE) enasdpngpaselieabicobnesdbgsbal gpichers | cepcede s on
estimation/ notion co ensatign ME/ MC), and is an scal able extension
of the vF8@B“E$Hiﬁ§°§?§ﬂdBF8 AVE, see [1] and [2]. 15 Besides the
ME/ MC schene available in AVC [2], key parts of the proposed SVC

met hod are inter-layer prediction schenmes. For each slice at the
enhancenent |ayer, a corresponding 20 "base [ayer" (specified by the
par anet e g%se Lgdplusl, see [1]) is chosen to renove the redundancy
bet ween éﬁe—ﬁ%?reﬁ information and the residual information at the
"base | ayer" and those at the enhancenent |ayer, respectively. 25
Since there is only one base |ayer for each slice gt an__ephancenent

| ayer (s&BE[ ipyenthencBBiA§eEf FPcRelBi ARy BE PBAPIFRI cRF t AF A LaRRs.

Fio.l shawsianiexaelee! ObnCRALBECkAYRESaACERPELET bRogELAIprBust! .
In Fig.l, four layers are 1llustrated, a first |ayer, denoted by
(QCF, Low), a second |ayer denoted by (QCIF, Medium, a 2 third

vy 08" €8uRL G FenbOttaRRd 8: LOUE R LBYRE dENehe%mpRY (fbFing
Pictures Expert Group) a method for scalable 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 [Z2].

15
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

20 "base layer" (specified by the parameter base id_plusl, see

[1]) 1s chosen to remove the redundancy between the motion
information and the residual information at the "base layer™

and those at the enhancement layer, respectively.

25 Since there is only one base layer for each slice at an
enhancement layer (see [1]), the coding efficiency may be low

in certain cases.

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

30 art.

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

by (QCIF, Low), a second layer denoted by (QCIF, Medium), a



"Low' indicates that the corresponding |ayer conprises coding 5
information quantized with an accuracy |lower than a layer wth
corresponding to "Mediunt. This is also illustrated by a first axis
105, indicating that a |ayer shown far2her to the right in fig.1
corresponds to coding information with higher SNR 10 "QClF"
(quarter thorgonalyatredardicatieblof0nf) Lodhcahesat hatirthheayer denoted
correspondi ng_l ayer conprises coding information for a |ower spati al
resol uti & ﬁﬁéﬁfaMpgﬁép)corresponding to "CIF* (common internediate
format). This is also illustrated by a 15 second axis 106, indicating
that a | ayer shown farther to the top in fig.1l corresponds to coding
i nf or mat "éawiti thdhicghes thesokbei onrragponding itaypri opmpriseancoding

overall base_layer is chosen.as.. 20 the first layer 101 | Low) ,
ohich? i s PS5k gon, Juan T agar viFf b FoshFeky ¥VEet Rieher: fever

| ayer 103@i¢€l Eorkewpondndqgt he Sgeandmi'ayenid02s(&QGEE, i Medbumdtedien &
scal able bit-streamis generated, the spatial 25 redundancy between
the thirdiFaferxig3lfly Findéaptana thet fjfaveraykewaolar ey, tRowWye
and the si:gnal: -t 9- pai upda - het first.fa 1
(QaFLow and t hed T B Ra Ry B S T B MRS e Eiah B etng”
by the i BN&r- |ayer prediction schenmes proposed in the working draft
[1].,.30 However, there is a problemwhen the fourth | ayer 104 (ClF,
Medi %) is coded. Since there is only one "base |ayer” for 3 each

slice, eirpheert hgubbikd LayRbnl93tEEhEdiLow) FOFmbBE indicates that
the corresponding layver comprises coding information for a
lower spatial resolution than a layer corresponding to "CIF"
(common intermediate format). This is also illustrated by a
15 second axis 106, indicating that a layer shown farther to the
top in fig.l corresponds to coding information with higher

resclution.

According to prior art, an overall base layer is chosen as

20 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

25 redundancy between the third layer 103 (CIF, Low) and the
first layer 101 (QCIF, Low) and the 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 working draft [1].

- 30

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

Medium) is coded. Since there 1is only one "base layer" for



second |l ayer 102 (QCIF, Medium is chosen as the "base layer". 5 On
one hand, when the third layer 103 (CIF, Low) is chosen as the "base
| ayer”, the SNR redundancy between the third |layer 103 (CIF, Low)
and the fourth layer 104 (CIF, Medium Xan be efficiently renoved.
10 However, the spatial redundancy between the second | ayer 102
(QCIF, Meshichn)shitek t hei four tithd ayterrd Q4 (<@ A 03Vediney) Icannetr die
renoved. On the other hand when the second | ayer 102 (QC F, Medium
15 i s chodeirad 1awer pdie (Qyldr Mahampa§ Ahqsaiuritaridf béd@®en t he
second Ia]y%;e 02 (QCIF, Mediunm) and the fourth |ayer 104 (CF,

Medi um) can be effici ently removed. However, the SNR redundancy
between the fourth Iayer 104 (CIF, Mediunm) and the third |ayer 103

(CF, cLo cannaqt Ther.e aret yi$ ddres t his

br obi &m Oy S ol MR Shs Ty i gl (el M St e
of t he Slﬁ@@”dod@é’elrayﬂ&:? (@& smbdjéuﬁnc%'ilcy e fddrstt Heayari b ayer
(QCF, Lo “313'5 set as "base | ayer” of the third |ayer 103 (CIF, Low)

- the thi¥ |&£§/@ m(@}rrd st qur tdetlayer Hdde (Ghfor Meshiumlhgan be
fourth | ay ?11 FC# rr) 30 In this case, as discussed above,
t he codi ng le I Cl ency S e fourth layer (CIF, Medium cannot be
guaranteed. 2) 4 the flrst | ayer 101 (QCIF, Lovv) is set as "base
IayeEO OfHowever, the spatial redundancy between the second layer 102
(QCIF, Medium) and the fourth layer 104 (CIF, Medium) cannot

be removed.

Cn the other hand, when the second layer 102 (QCIF, Medium)

15 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.

20
There are two ways to address this problem:
1)
- the first layer 101 (QCIF, Low) is set as "base layer" of
the seccond layer 102 (QCIF, Medium)
25 - the first layer 101 (QCIF, Low) is set as "base layer" of

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

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

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

2)



the second layer 102 (QCIF, Medium - the second |layer 102 (QClF,
Mediunm) is set as "base layer” of the third layer 103 (CF, Low) 5 -
the third layer 103 (CIF, Low) is set as "base |layer" of the fourth
| ayer 104 (CIF, Medium) In this case, the coding efficiency of the
fourth layer 104 (CF, Medium can be guaranteed. However, the
codi ng 16 ahbi&ﬁe&&y1@@e&heOUhquIFayebwloas(ng,ahombabe Lt hgecaset
that the second | ayer 102 Medium is its "base layer"” is

| ower t h&Si ﬁepﬁéldcﬁééfeﬁhép tHQCFFrsMeﬁay@P 101 (QCIF, Low) is its

"base |ayerhe E%%o&@plw&bE heomperkhapeddBnyhen the aga@bggé“@Q e}he
quality indicated by "I ow' at the resolution 15 indicated by "

and the @dathﬁythndﬁcéﬁe@erOBnédﬁﬁmiLaw) t he resol ution |nd|cated by
"QCIF is large., .A ect on is, to provide. an ephapnced
encodt ng” TEERS o TAREE: 40201 EERr cLbrar 3% 8oF hEFERchavRE . O
met hods t2a@ a©®gk@iugy@@ pouor cart . mSuawmly of the invention 25 The

object is achieved by a nethod for encoding at |east one digital
pi cture, an encoder and a conputer program product wth the features

accor di ngyl .t e Lndenendent(ohai Wee; A RLOLT ohoepoadi o1 atLeast

one digital picture s provi erern a |rst representation of
t he plctuCéEisMeg&nEmated ba geamadteedreﬁew&aérontbé thélpgcture IS

gener at ed thlr% entation oﬁ E ure is ner at ed
r ot fhe St 2, BEehER: EBntr LeNBTpLoPu 6 EndLs™ { Re SBRoRasE chat
r3presenkﬁbl@@c@hdtﬂ@yBkCQUQe QEIPreﬂb@EUﬂg EBethOdege|m§9éﬁati9n
of the picture elenents of the pi cture
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 resclution
15 1indicated by "CIF" and the quality indicated by "medium" at

the resclution 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

20 according to prior art.

Summary of the invention

25 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

30 provided wherein a first representation of the picture is
generated, a second representaticn of the picture is
generated and a third representation of the picture is

generated from the first representation of the picture and



using the first representation of the picture and the second
representation of the picture. 5 Further, an encoder and a conputer
program product according to the nethod for encoding at | east one
digital picture described above are pPovided. 10 I|llustrative

enbodi ments of the invention are explained below with reference to

t he drawkhQSSeBbhafrégseebpthomonfthEhdrpmbngse 037 ftgdietinghbhe an
exanpl e for codln%PIayers acgor i art e 2 sPoms an

ri gu
oncoder 50CSRG: LG e Gn6a! FER DFCHRE. SOBTERGENET SHISFPhLeTS
shows a degedernacgekdicnge Qeaan%a@@ehnsattaé phetutavenlli eRe 28cond
Detail ed Description Illustratively, a prediction schene with two
"base | ayepgesentagsen, orhiche Bechugen one enbodi nent the |ayers
(QCIF Medium) 30 and (CIF, Low) as nentioned above) are the base
Iayers for each slice at (CIF, Medium. In other words, there are two
base | ayensther, ea@heabbderahnﬁChFcombdtuﬂ)prE@ﬁaﬁcbenaucs agtyeding
detail below. 6 delngélnfornatlon assigned to picture elenents is

for. exaffl EPEnPEHTRSN rlﬁPSPﬁéPgoﬁtoﬂaéﬁtlHﬁ?nghgét?ﬁfBFﬁﬁFF%n 5
The pICtH%%CEqan g?gggegr%agrgglggg picture of a plurality of

pictures, i.e. one frame o vi deo sequence and the first

10 Illustrative embodiments of the invention are explained below

with reference fto the drawings.

Brief description of the drawings

15
Figure 1 shows an example for coding layers according to
prior art.
Figure 2 shows an encoder according to an embodiment of the
20 invention.
Figure 3 shows a decoder according to an embodiment of the
invention.
25

Detailed Descripticn

Illustratively, a prediction scheme with two “base layers” is
used, while both (in one embodiment the layers (QCIF, Medium)
30 and (CIF, Low)} as mentioned above) are the base layers for
each slice at (CIF, Medium). In other words, there are two
base layers for each slice at (CIF, Medium). The scheme is

given in detail below.




representation and the second representati on can be generated using
notion conpensation. 10 The enbodi nents which are described in the
context of the nethod for encoding at |east one digital picture are
anal ogously valid for the encoder and ¢he conputer program product.
15 I n one enbodi nent, the second representation of the picture has a
| ower signal-to-noise ratio than the first representation. In one
enbodi nent, the second representation of the picture 20 has a higher
resolut|6ﬁdﬂﬁanlﬂﬁ@rmﬁFéPnr@E?egeﬁ@aF?oﬁlcﬁ%%es%%%ﬁﬁp?%p¥%s%ﬁ¥at|on

is for eégg?égegeﬂeaﬁaﬁQHEQCbn%QE@atianh@édépeluﬁeﬁ%ﬁeéthfeemggagw

to the C onmmon I nternediate fornmat), first representation is
for exanple 25 generated such that it has the resolution accordlng to
uar nnon internmediate format). and the_t

th
o onthe BACHEbp o PO eRE AR ST ah ot SR B1.dPe ¢ "Re il ratity

resol utigr pgeendbBY §0et hen&l FraBl & Ja2vshoussafuenc®desid 20e first
according to an enbodi nent of the invention. 7 The or|g¥nal vi deo

si gnal 20¢rrespetebéed pBdfele(facendcespresentabher Fayre @t &t igrd
202. The ggﬁ $¥§5n9883§859 tl gnerates a base layer (i.e. base

| ayer coalng i nf or mat is fed into a predictor 203. The
predi ctor 203 predicts 5 the orlglnal vi deo signal based on the base

| ayer . Fron1the redi cti on generated by the, predictor 203 apd the
ori githal Thei @eoeﬁaﬁan2@&}C§nasﬁhgﬁﬁeﬁ¥h%d|h eFhgendt BE b Spaths

gener at eg.aRoQNRBRCENBRL 1 haYEt {LaSt SRBAACEIEAL bAYEhr&OHag
analogously valid for the encoder and the computer program

product.

15 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

20 has a higher resolution than the first representation.

The second representation is for example generated such that
it has the resclution according to the CIF (common
intermediate format), the first representation is for example
25 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.

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

invention.



information). 10 The enhancenent |ayer and the base |ayer are then
encoded and nultiplexed by an encoding and mul ti pl exing unit 205
such that a coded video signal 206 corresponding to the original
video signal 201 is fornmed. 15 A decodér corresponding to the encoder
200 is shown in fig.3. Fig.3 shows a decoder 300 according to an
enbodi menheotrt Benal NvenkboBigRR1 A200ded Medesdsdgnal f881(in slices)
corresponding to the coded video nal 206 generated by the encoder
200 is f&@ elha§ﬁ|éég?rtaenaraE66dEHg aﬁBEd%ﬁﬁ?t%%Y%&|%@n%ﬁ?¥0%03
The decoding,apds depubLipLgxLng;uni (p303 exbeacksaihs baserhaveon)
|.e. I'ayer codi ng ormation and he enhancenent | ayer
(| : enhanhemenfedayetocedpngduntorn&OBon?hérpnedheteod%@3thﬁdﬂcts
sign The bas S fe pred tor 302, which ener.at es
" prg%. CthEnorianihe RHSE PagRE. BBSTHAOR: EOF cPRan MRt ner SERCLAL

enhanCe”%@%dhéi@bnaéénéﬁété@ ByPeBL ppeacesser2894agenenat bhgganal
reconstructed video S|8na 305 corresponding to the original video

si gnal 2@1dee sTaraénébder apoenhabcenentetarer 39065@E0¥0¥0%xanple
dapt ed MPEG
adapt 8%%38%'89 SﬁﬁgﬁgéﬂgnEoﬁgpgfzég (NQ % SLUT €3y pgg ing

G oup) sga or ~accordi ng sfan except

addi ti onahfbeatutes)according to the invention). 5 Al t hough the

encqﬂ§r 200 and the decoder 300 have been
The enhancement layer and the base layer are then encoded and
multiplexed by an encoding and multiplexing unit 205 such
that a coded video signal 206 corresponding to the original

video signal 201 is formed.

15
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.

20

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

25 layer coding information) and the enhancement layer (i.e.
enhancement layer coding information) from the ccded video
signal 301. The base layer is fed to a predictor 302 which

generates a prediction from the base layer.

30 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.



explained in the case that for each slice at the enhancenent | ayer,
there is one base |layer, the encoder 200 can be used in different
nodes, in particular in nodes where the 10 predictor 203 receives
nore than one base |l ayers as input and cal culates a prediction form
t hese nore than one base layers. For sinplicity, the following is

expl ai neghi nehBeasPM ExtaRd chdegensasters @Ol rlh deseas Sihasd he

correspondlng functionality. 15 For each slice at_the "enhancenent
| ayer", thef@neteo@o@%¢@¢®lHQMbOb@%% NREer MHEY HicTuieedamie

| abel ed. by PRpezl AL eal ol pLUSLAANS PRSEl Aveed Cealaidly (oncont

respecti VE? OWI n anat1 on ayers denot

(QCF, Loty leEI Eddﬁ/bﬂcbmlm féﬁllﬁ:eé.oahz)c@mhr(@ﬂﬁ el i irgental argady
ment i oned above are used. As nentioned above, "Low' indicates that
t he ébrrespondlng 25 | ayer conprises coding information quantlzed

W th an @%Hé@@f tﬁgw@ﬁc&@é@ Boh Ayl Whd haCsdes porsling,d &edvedi unt'.

"QCIF" 1ndicates that the corresponding | ayer conprises coding
i nf or mat epplioned imwkhes@®$$athaEsE¢In¢%ﬂht$kﬂﬂ%idtnﬁhe enhancement

corresponding to, "Cl F! there is base | averi~ for the
current T%Hﬁghcgﬂ%ﬁ? l?a@%?"ba?%r %&%ﬁblghe ?A‘{gi 0 g rﬁ%ﬁuﬁﬁ?
paramet eis dbaseréayefodds; pluspaanicbase- immdeﬁzﬁmmltme -1 If
9 there is only one_base Iayer for the current enhancenent quer g
arn

for 1kanpredicebF, 203wy camtv e ROrFr e MR M A% YaRRs i3 -1t
refers to,{ QX FreLOW) »,208: DAB6: | BYBL-£895e more than one base layers.

For simplicity, the following is explained in the context of
the encoder 200. The decoder 300 has the corresponding
functionality. |

15
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.

20 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" indicates that the corresponding

25 layer comprises coding information quantized with an accuracy
lower than a layer with corresponding to "Medium". "QCIE"
indicates that the corresponding layer comprises coding
information for a lower spatial resclution than a layer
corresponding te "CIF".

30
If there is no “base layer” for the current “enhancement
layer”, for example, (QCIF, Low), both of the parameters
base-layer-idl-plusl and base-layer-id2-plusl are -1. If



plusl is -1. If there are two base layers for the current 5
enhancenment |ayer, for exanple, (CIF, Medium, base-layer- idl-plusl
refers to (QCIF, Medium and base-layer-id2-plusl refers to (CIF,
Low). Therefore, there may be three noées for the inter-I|ayer
prediction of (CIF, Mediunm) carried out by the predictor 203: 10

Mode 1: %h%@bchsfbﬂﬁy(ghé bh@@bléye@ ruseth€l Eurkew) asnkasemehayer)

Mode 2: Predict from ( um (i.e. use(QCIF Medi u 15 as
base | ayéryenbd&os: elﬂﬁ@@ll@tr fﬁéﬁv b6PH) ( BNk, (D6wH, aladianl F, basarum
i.e. (G g 1Low | F I 1
<(31|nd 2 are §L%é[arrl e g’u%l ggg eggérl M%gb'llpi] %8“12 ?gf 8¥§ésia %?ra%/?ggf

descri pt ipamsaf igode .3 TifS thevenars the bhekl amgags Buppose thatethe
reference franes are_A2n(2 , 2) and A2n(x at the resol uti ons

of QO'F &RAErEMeRdspadfitvelfr GKATPAE Ié(R/I)’Lqugﬁin}m?and EAB nBETIm

quality aaﬁtgaﬁ%adr%@e&wotaug@tt%atM@aluﬂ@raﬁstségeCE£ apd; @2p1us1
respectively.” Let (dxO, dY! enotée the motion i nforma¥| on that is

gener at egteff@rcS( Qal I-TCIIEovv)LOWFor Theirapbirei t $hekret mpy1pelth2ae mpadesifor
X, Y, dY0) and_30 1, 2,.2n gnot t he
es! dual PRI PSR O SN BESPACES0BATR: (LR FICHBM afat L CERFoLe B
Medi um) , theegpedticveky 208at hematically, they are given by 10 x D(1,
1, 2n, 2n + 1, x, y, dx0, dY0) = SD(A2n+1(x, Y)) - A2n(2 - dx0, 2 -
dYO)lQ for (QCIF, Low and

Mode 1: Predict from (CIF, Low) (i.e. use (CIF, Low) as base

layer)

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

15 as base layer)

Mode 3: Predict from both (CIF, Low) and {QCIF, Medium) (i.e.

use (CIF, Low) and (QCIF, Medium) as base layers).
20 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 A2n(§,§} and Asn(x,y)

25 at the resolutions of QCIF and CIF, respectively, and the low
gquality and the medium quality correspond to two quantization
parameters QP and QP», respectively. Let (dxg,dyp) denote
the motion information that is generated for (QOCIF, Low}. For
simplicity, let D1, 1, 2n, 2n + 1, %, y, dxg, dyg) and

30 D1, 2, 2n, 2n + 1, %, y, dxg, dyg) denote the residual information

that is coded at (QCIF, Low) and (QCIF, Medium),

respectively. Mathematically, they are given by



D1, 2, 2n, 2n + 1, x, vy, dx0, dYy0o) = D(1, 1, 2n, 2n + 1, x, y, dxO,
dYyo) 5 (1) -1QQpl (P!l (D(1, 1, 2n, 2n + 1, x, y, dx0, dY0)) ) for
(QCF, Medium where SD denotes a down-sanpling operation (see [1]
,[3]). The residual information that will be coded at (CF, Mediun
10 when node 3 is used is then given by D(2, 2n, 2n + 1, x, vy, dx,
dy, dx0, dY0) = Dsr(2, 2n, 2n + 1, x, Y, dx, dy, dxO, dYO QP2, i, j)
-1 QQpl (QP!l (Dsr (1, 2n, 2n + 1, x, vy, dx, dy, dx0, dYyQo QPl, i, j)) ,

)
(7). 10 Mihe A5, 1, 110, T8 A000r T 01 e o0 o0

1, 2n, n + 1, x, vy, dx, dy) 1 SUE | QQpk(QYk(D(l, k, 2n, 2n + 1, X,
Y, de, dVQ)XQCIFrLDWk:QHQJ (i, j) e {(0,0),(1,0)},1 = 1, 2, D(2, 1,
2n, 2n + 1, x, y, dx, dy) = A2n+1(x, Y) - A2n(x - dx, y - dy) . (3)
20 11 where SU denotes an up-sanpling operation (see [1], [3]),
Qon deneotie anguant i Zat § odxQPeF At £omi i, thy, Quantl, 29t oy, B§HRNEL er
g?d ICﬁpk denot es t he correspondi ng i nverse quantization (1)
operati on.
—IQQPl QQP}_ (1,1, 2n, 2n + 1, %, y, dxp, dyg) ) ) -
for (QCIF, Medium)
where Sp denotes a down-sampling operation (see [1] ,[3]).
The residual information that will be coded at {(CIF, Medium)
10 when mode 3 is used is then given by
Dz, 2n, 2n + 1, %, y, dx, dy, dxqg, dyg) =
Dgr(2, 2n, 2n + 1, %, y, dx, dy, dxq, dyg, OB, 1, J)
_IQQPl (QQPJ_(ﬁsr(lr 2n, 2n + 1, %, Y dx, dYr dXOr dYOr QP_]_! i :]) ) ),
(2)

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

CI¥, and

f)sr(l, 2n, 2n + 1, %, y, dx, dy, dxg, dyg, QP , i, J) =
D2, 1, 2n, n + 1, %, vy, dx, dy)
1
Sy 2, 1907, (Qga, (DL, k, 20, 2n + 1, %, y, dxg, dyp) ) })
k=1

—] #

o]

{l.r:]) € {(010)1(110)}11 = 1121
D2,1, 2n, 2n + 1, %, y, dx, dy) = A2n+]_(xr y) — AZn(X —dx, y — dy) .

20



The value of (i,j) is chosen adaptively to minimze the remaining
residual information at higher resolution. Equation (1) is adopted
to renove the SNR (signal-to-ratio) 10 redundancy between (QCIF, Low)
and (QCIF, Medium. Equation (2) is uskd to renove the SNR
redundancy between (CIF, Low) and (CIF, Medium. Equation (3) is

appl i ed e pat i C &, W) [ 3nd,
Gl R o e T

Wien FWOQgggC@%QbY%s|QYQﬁéndQﬂﬁt@dnbMpb@MQioﬂ angh| gyeht 2zat fon used,
wherein | 1 is truncated fromlayer 2 by the SNR truncation

schenme dgserihbedri gp kndtmg g?faéﬁ@aésswﬁé tbHREabbRAi sghemesroa t he
parititioning of an 1 20 can be used. One SNR truncation

schene |§ughggzghgoﬁa5§égg@ﬂbﬁg of an MB is non-scalable. In other
words, both the MB type (MB type) and the sub-MB type (Sub MB type)
of arP MB at | ayer 1 are the 25 same as those of the same MB at |ayer

2. Intra X o] i f
i vays DEREput SpnBh T Lo Te ShPdenpe Sh TR Aoty O T AN R0
Sub MB typﬁaahengoﬂedlatakayﬁfoimaﬂdoﬂOaﬂohi@beﬂ tesbeutcoded at

| ayer 2. 30 The other SNR truncation schene is that the partitioning
of an MBis a coarsed one of that at layer 2, the relationship

bet wveen ghe MBohype) and g@@p\@ga_w@_mﬁsv@ftﬁ@ matsi%ﬂ!ﬂ ~fo12at 2id
t hose of the co-Iocated MB at layer 2 are listed in ables 1 and 2,
respett i vefyndancy between (QCIF, Low) and {QCIF,  Medium). Equation

(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).

15
When two successive layers denoted by layer 1 and layer Z 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

20 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
25 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 anc
Sub MB type are coded at layer 1 and do not need to be coded
at layer 2.
30
~ 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



MB type at layer 2 MB type at layer 1 16x16 16x16 16x8 16x16, 16x8
8x16 16x16, 8x16 8x8 16x16, 8x16, 16x8,8x8 Table 1. Rel ationship
between the MB type of an MB at layer 1 5 and that of the co-|ocated
MB at |ayer 2 Sub-MB-type at |ayer 2 Syb-MB-type at layer 1 Bx8 8x8
8x4 8x8, 8x4 4x8 8x8,4x8 4x4 8x8, 4x8, 8x4,4x4 Table 2. Relationship
bet ween th -Ly of._an NB ayer h of . .

col -1 ocat et %%%86 nggﬁe CfoﬁﬂgﬁF%%epbléﬁer gn% S%§eilépgg tho
successi weblayers ankiere rkapectivesdytruncated fromlayer 2 by the
spatial truncation schene described in [3]. For any Macrobl ock (MB)
at | ayer 1, the four co-located Macrobl ocks at |ayer 2 are

i denti f irggh W0 @I iEerent spatitar (1 u ﬁg[E sghe can be used on
the 15 parl tlgnlnq§o an-MB at |ayer g?ﬁacro §eR ?s a

fixed-si|Zéxdmea of an inmage on which nmnﬁth conpensatlon i s based.

|||ustr‘f|\ln|\l inural:fy n'F nixels nival o Af

2
C T U1 A\ AN A\ =3 \. ||v P I\vl = AR | T

8x8 rectéﬁ&ﬁe) are grouped to aP 56 ﬁac?éﬁﬂ@c%ggghe spati al

truncat if@ggchene s that the VB Types ngigugxlybs at fayer 2 are
totally|derived fromthe MB type and the 13 Sub-MB-type of the

co- | ocaf €d8MB at Iayer 1, i.e. they do| hokléoperti6t b6be, 8ntled at | ayer

2. Intrat Vture et+en—usthg
Table ﬁeiatlons ip between the MB type of an MB at layer 1
5 and that of the co-located MB at layer 2

Sub MB type at layer 2 Sub MB type at layer 1
Bx8 8x8

8x4 8x8,8x4

18 8x8,4x8

4x4 8x8,4x8,08x4,4x4

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

10 Now, let layer 1 and layer 2 be two successive layers where
layer 1 1s truncated from layer 2 by the spatial truncation
scheme described in [3]. For any Macroblock (MB) at layer 1,
the four co-located Macroblocks at layer 2 are identified;
Two different spatial truncation schemes can be used on the

15 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

20 macroblock.

One spatial truncation scheme is that the MB types of four

MBs at layer 2 are totally derived from the MB type and the



information fromlayer 1 can always be perfornmed for all Intra MBs
at layer 2. The MB type and Sub-MB-type of an MB at 5 |ayer 1 are
derived according to the followng two cases: Case 1 Anong the four
co-located MBs, there is one MBwith M8 type not as 16x16. The MB
type is 8x8 and the Sub-MB-type is determined by the MB type of the

correspongj { I r._2. S t and the initia

are gi ve%arqr%%p% ??foﬁﬁ‘%%l%’e%é’tc%%g k?% tlgylg')p(:%14 g sg’t%égl'nie%qiggl &R/hl\//gét
at | ayeme2dauwd [Hearopdsub aVB leyee) 2l.ajetrd aexicayer prtetiéribo8x8sing

D vided the. MV at. |ayer by 2. 16x8 8x4 Divyided the s .at yer 2
by 2 Bx IE TR ] CPhd NS ot CoF gl 5 by = BEEEE TARR 061 AL ¢ he
MWs of  tihe dpp@s laf tLaRirooks Thy Rip Tablkeadd The SebtyBet ypeaandrt he
initial Ms at layer 1. 15 Case 2 The types of "the four co-located
MBs ab | dperer2 lagge TOXigedTRE cioFidiing t@art}illé sPliBWippe tHE- FAFEF 2 i
set as 8x8, and four MVs are derived by dividing the MWs of the four
co- located MBs at layer 2 by 2. The final MB type and M/s are

det er m n&Ghsizy 1t BencRIQO et H omansor-dicktbs ednMBle themeatisonnef MB201iik's.

14 The ofther spatial truncation schene is the MB types of four
MB type not as leoxle. The MB type is 38x8 and the Sub MB type

is determined by the MB type of the corresponding MBs at
10 layer 2. The Sub MB type and the initial MVs are given in

Table 3.

MB type at Sub MB type (also the Initial MVs at

layer 2 auxiliary Sub MB type) layer 1

at layer 1
16x16 Bx8 Divided the MV at
, layer 2 by 2.

16x8 8x4 Divided the MVs at
layer 2 by 2.

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

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

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

15 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

20 MVs.



MBs at | ayer-2 cannot be determ ned by the MB-type and the _

Sub- MB-type of the co-located MB at layer 1. An auxiliary M type is
set as 8x8 for the MB at layer 1 and an auxiliary 5 Sub MB type is
set for each sub-MB at |ayer 1 accordihg to the MB type of the
corresponding MB at layer 2. Simlarly to the SNR scalability, the
rel ati onghiep oQﬁtewegP_aﬁ;mglagﬁkuaba{\.@ohygéh@m Subt MB- 1y peygad éhefour
auxiliary ones are [isted in Tables 4 and 5, respectively. 10

Auxi | i ar }\BRBatypavat RagapnetAeeudprt#Bnippd By ThgdiB1typgeand the
16x16, 8x 16x%8 a _ Lonshi p. b N, auxl | 1ar PQQr
act ual wégPyg§—5§§§|8§e?h§ §8X5§F§%§8Sgg_%g_§§%§98%.g%%u%?x¥l
Sub_MB_t yipe tgbel dgeset abageB foB8x8h8xBB 8x418x8y 8k4andx&n 8x@x AkBary
4x4 8x8, 4x8, 8x4, 4x4  Tabl e g. Rel at i on hig bet ween auxiliary. and
actuat . $5PSHE_ WBPEyE AECI A08r S2CtoREBRIE ABGPLFYE" B nar 5O AT ERNEY i o
Codi ng (CABAGE alpeady tﬁgoebﬁgebﬁowﬁﬁﬁ?4naé\v§t[2£ bs 2l sgimsearfpreo
entropy codingmin current Wirking draft ([1]). T%e only difference
bet ween tthemSN8 ssailhbtlihy, caheenelabikinabidrbetvaen bddi acowal

s f ddi t.i I I . d [ -
or der {0 Fiybye “Baeng LPF PePEn)e CABACIESAe b Phoe “Rontexred in

nodel s f gebeagh4syntiag, ekrespattivbeycont ext nodeling nmekes it
possigle to estimate nore accurate probability nodel

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

8x8 16x16,8x16,16x8,8x8

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 B8x8

8x4 8x8,8x4

4x%8 8x8, 4x8

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

Table 5. Relationship between auxiliary and actual

15 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
20 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 syntéx element. The context modeling

makes it possible to estimate more accurate probability model



15 for binary synbols of syntax el enments by using syntax elenents
at nei ghboring bl ocks. Meanwhile, there are two i ndependent notion
vector fields 5 (MVFs) in the former case while there is only one
notion vector field in the |latter cases The statistics of the

SNR/ spatial refinenent schenme and the SNR/ spatial truncation scheme

are usuakby @diffeyesimpaisfer €Ot EXEMdPOL 1Sy Al L ngisBchtaseor di ng
to one enbodlnent§o$§The |nveﬁ€$%n Thusrn a 16§%|t fgysent fromthe

encoder tbemdretdegbdesiglporyerbloges. specify whether layer 1 is
truncated fromlayer 2 or not. The bit of 1 neans layer 1 is
truncated fromlayer 2, and O inplies that layer 1 is not truncated
from| ayeeadwhIbés bhéreisred nnb@daddéplemcﬂmtslm@tewreadmtorl&ﬂqidme
current working draft 1g\/\D 1.0, for-encoding the notiaon field

of ar? enh%\ﬁ@%heh@ Fhg eForpgh ‘Fr%%? o‘bhjo]cek e U A HIEEG e in

addi ti Onvéet&PefﬂQﬁ&slﬁp@héCflﬂ@ef n-ide BasesdMYeitics of the
"BASE _LAYER MODE" and " QPEL_REFI NEMENT_MODE". 20 Wen the

" BASE- LAYER/ 8f0DET al sr@éemenmdt neclieme hamd i m@rsm/f sratisl t‘crnans:rﬁttwu
for the correspondin ro k. This tes t 1

ot | ol pFEAFEE| SREI N BF Bl | ShTRETRA nd T PR RS s b

corr espoigéagadBopdihfieco base ehisy@imens sSethe Vﬂl&mﬂ&teorbasqusa,y&r
represents a layer with 25 half the spatial resolution, the notion

vectl$t fheFdisi pertdiFemt bee W%@?ﬂt%‘f% daceqal etPackd¥ah ngl P
The E% ggfg %ufgdtPﬁﬁgaﬁédtﬁfﬁpa§§yé§y§ror not. The
t yer Wi £ ATt

represen e spatial resolution of the current
| ayer. Thiet"QPEL REFhNEMENTT MODES tsuscaié¢drftontheyer 2, and O

implies that layer 1 is not truncated from layer 2. This bit
is included in the slice header.

15
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 “Q}?EL_REFINEMENT_MODE”.

20 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

25 half the spatial resolution, the motion wvector 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

30 “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



30 "BASE- LAYER- MODE". The MB partitioning as well as the reference

i ndices and notion vectors (M/s) are derived as for the "BASE LAYER
MODE". However, for each WV a quarter-sanple 16 MW refinenment (-1

0, or +1 for each W conponent) is addlétionally transmtted and
added to the derived MVs. Therefore, in one enbodi nent, a new node 5

"NEIGHBOBWOQQTBEEEQEVENIlND@E"or“@ﬂchoﬂeéﬁ§htﬁ@tcéﬁ@bnent is

noti on/ prediction i nformafion including the MB partltlonlng of the
cor responddaginBadfyi tyanbasetedyend addadetioahie theriwad dfiVa- bl ock
at the enhancenent layer is in a neighborhood of that of the -
correspondi ng block at its "base layers". Same 10 as "QPEL

REFI NEVENF eMEBET e, alhebhae@ﬁbbdhméﬁtnahiQewiﬁoadditional transmtted.
Qur "NEIGHBCRHOOD—REFINENENT MODE' is applicable to both SNR
scal abi | | N@I§H§O§BQPPaBE§é§F§ENFLM9DE 8uﬁgb§€ PRRNADERDR ¥RStor (W)

of a bloﬁ%t@%n?@?ea %?oga¥§E ﬁgthén(gﬁglga@%g yﬁ@”MEh§a§%E%10nlng

scalability is considere center of the neighborhood is
(dx0, dYOpf Whencbheespatidahg BBabébitst Ybasesiagérd, ishesednsed blie

t he nei ghbor hood (2 2dY0) . Sane EL- REFI NEVENT -

o i nemalCEnPoPHEEROR Ct S BANFBRENCEF ahEREC 8 the 30| ahbohood
" NEI GHBORHHOPR: REB I NENENEo MeBEDoh 81 8gPblL6ak! grt 0t HOotBa SBRLageababi fany
and spati al scalablllk% The new node is in one enbodi nent designed

by alGo B&ki'REEChBESRFMENT MPDEf undatréhneyeRentniesEitbed a [ 3]
into CO”%HQ%%EBhQEIt%énAﬁﬁﬂggdﬁhéﬁﬁg“gﬁ&béﬁbkﬁﬁoﬁaﬁéﬁE&§M§N§Oﬂobﬁe is

generation 0 on vectors at t ase layer e enhamncenent
| ayer amepQPhadid QBebotbspHit seelybiNotgakhy, spheiglzecelability.
nei ghborhood is adaptive to QPb and QPe, and is usually a

Suppose the motion vector (MV) of a block at the “base layer”

15 is (dxg,dyg). When the SNR scalability is considered, the
center of the neighborhood is (dxp, dyg). When the spatial
scalability is studied, the center of the neighborhood is
(2dxq, 2dyg) . Same as “QPEL_REFINEMENT MODE”, a refinement
infoermation is additional transmitted. The

20 “NEIGHBORHCOD 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.

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

30 of refinement information depends on the size of the

neighborhood. An example is given in the following.



nonot oni ¢ non-decreasing function of I QPe - QPb | . The choice 30 of
refinement information depends on the size of the neighborhood. An
exanple is given in the followwing. 17 Wen | QPe - QPb | is greater
than a threshold, the size of neighborlhood and the choice of
refinement information for the SNR truncation schene and the spati al
truncat'Qﬂuﬁ?he@EEaTQP?H'%%e%ﬂé&tE%bE%%n6aa%ﬂréshBQ%PGQBEVQHXe arW
at the base The possible choices of refinenment |ayer Full Pixel {

-1, -4, -hidhbdkhdodd,ant kheHalHoiRiexelf {re4din@meét Talbembiion for the
Nei ghbor hgod for the SNR truncati on MV at the base The possible

choi ces oG i HEREAOCD ISGP&MF@Nd pihgesPptial. Frungatgony scpemeg) are
Ha!f Pi Xe_Llis{t'e4d i'I‘fLTaQ)le‘ls’ ,64}an091'73}r tr%rsp%'c%gkf_e{ly‘L C, 4} Table 7.
Nei ghbor hood for the spatial truncation Simlar to the "QPEL

REFI NEMENT MODE" described in WD 1.0 10 ([1]), the napping betwee

n
Al
A1

the ref imgrent—iatofration—and the——integers—+s predefi-ned—{see—table
8). Refi|homert SOF BESE (L84 PPSSRSr MBFTGRS| RtedErd™eHels ~1 0 1 2 4
Tabl e 8.| {Ehaapping for SNR/ spatial truncation 18 In this docunent,
the folllowing publications are cited:

Full Pixel {-1,-%, -4, 0, %, 3,1}

Half Pixel {-%, 0, 3}

Table 6. Neighborhood for the SNR truncaticn

MV at the base | The possible choices of refinement

layer

Full Pixel {-1, -, -4, 0, %%, %, 1}

Half Pixel {=%s, =%, 0, %4, 3*s}

Quarter Pixel {=%, 0, %}

Table 7. Neighborheood for the spatial truncation

Similar to the “QPEL REFINEMENT MODE” described in WD 1.0

10 ([1]), the mapping between the refinement information and the

integers is predefined (see Table 8).

Refinement -1 [-% |- [0 g |3 1
information
Integers -4 |-2 |-1 |0 1 2 4

Table 8. The mapping for SNR/spatial truncation
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20 3. Method according to claim11l, wherein the second representation
is generated such that it has the resolution according to the CF.
25 4. Method according to claim1, wherein the first representation
is generated such that it has the resollftion according to the QCIF.
5. Method according to claiml1, wherein the third 30 representation

i S gener akglimdich that it has the resolution according to the CF.
20 6. Encoder for encoding at |east one digital picture, wherein

t he encoder conprises - a first generation unit adapted to generate a

first repropaiad i@y Qnddies pl chune e hSeHNd 0enarati Al Widre;
adapted to generate a sencogr}glr% epr esent atC?jon ogltqhe gllelcture'- aet r?ilrnd
gener at i on aniirsdappect dentganieratef o Hehipidturepries eeratriadre of t he
picture fromthe first re resen.tatio% .of t.h i cture and the second

repr edentatd it G19 HERS U P by pridthi & Fg ehe < SRF 305 r mat i on

of the pictdre etemipesdftdhomist Wi ysidthrtda f igeterated from the
representation of the picture and the second representation of the

pi cture; RierteiteRTRS SEEIHPT ept ddentditdtorr ofanchéhsi awad s

gener at ed. . sUC . .1 | o i | -t 0-.NQi.Se ratio t t he
first 15T epr%sl{egr%ﬁ'lajtdlnor#,]i'a ch% gl\é\@%uﬁel gﬁgrp Iiegisloqic}gu]t%?goﬁ an C{]’%@ first
r epr esentiatficoma tA orA beainpptays ipgregt an prieducte adfinednt sveeh texeguicgthre

by a_ conputer, makes the conputer performa nethod for encodi ng at
y 10 sing the first repgg%entaél i g

ion of the picture and the sécond
representation of the picture;

wherein the second representation of the picture is generated
such that it has a lower signal-to-noise ratio than the first
representation, and has a higher resolution than the first

15 representation.

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

20
3. Method according to claim 1, wherein the second
representation is generated such that it has the resolution

according to the CIF.

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

according to the QCIF.

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

according to the CIF.



20 |l east 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 picturd® and the second 25
representation of the picture by predicting the coding information

of the pigt Ee-clemends aicddigiPiat We diSidi@ tdigyi fdlr ficture, wherein
representation of the picture and the second representation of the
pi cture; WMiferdisPdsie SBHIHES%epresent ati on of the picture is

PErSaUed, SEAED AR | SOt aaae A an the
repr esentrpmesentation of the picture
5 - a second generation unit adapted to generate a second
representation 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
10 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;
wherein. the second representation of the picture is generated
such that it has a lower signal-to-noise ratio than the first

15 representation, and has a higher resolution than the first

representation.

7. A computer program product, which, when executed by a
computer, makes the computer perform a method for encoding at
20 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 picture and the second
25 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;
wherein the second representation of the picture is generated
30 such that it has a lower signal-to-noise ratio than the first
representation, and has a higher resolution than the first

representation.



