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METHOD AND SYSTEM FOR SELECTI NG | NTERPOLATI ON  FI LTER TYPE | N VI DEO CODI NG
5 Field oWotzerdorsssanti on The present invention rel ates gemaBziobyoxray i mage
coding and, nore particularly, to a systemfor conpression of sequences of
digital images. Background of the Invention 10 Typical video cod

based on notion conpensated prediction and pr i cti I\/btr on
conpensated prediction is obtai ned by anal y2| CIRRY 88]66%;\& %AfB@Lnggt ween
vi deo frames and reconstructin nents usin e nmtion

i nf or mati on. PW%ITH,M‘@‘@ N‘BIE@%«B&%A@I%r ence

bet ween noti on conpensatequﬂﬁngwgﬁbHﬁNHDF&h@(HWWFESpondrng segnents in
the original image. The accuracy of prediction 15 error coding can be
adj ust ed dependi ng on the avail able bandw dth and the required quality of
t he godegidld dethe Thventiohypi cal Di screte Cosine Transform (DCT) based system
this is done by varying the quantizer paraneter (CP) used in quantizing the
DCT coeffici dhePrespntanepden £el &te%lsewraé&to Inags spdingAndemere patigilady. 49 a
provi de scoded 20 signals. These
paranetegsagbéggn 5%%&%3% gh@négggﬁﬁﬁﬁgng ecoder for decoding and
reconstruction of the coded signal. To inprove the conpression performnce
of the par aneters are often predicted fromthe

Vet g lpvgnt encoder and decoder. By doing this, the
ent rgpy coder T@’Ei’c@ﬁwﬁ@o &r&é@s 8 b¥scAR thotYéH éddisefisaté frEQicROE 8% pelwash t he
actual paranmetér values and the predicted ones, leading to a 25 coding
gain. A d:rrgr caling. M@wn @Hlpsnaaltﬂcgprp@pn@semb@an@ybm@hnznsg and godinig septivines
arranged t he. M arr Y as %ho Su&n %yﬁgé%n achtelenent of
the array®i"d egqueg aé‘%eé an@ﬁeﬁﬂﬁ P ERRR SRR | ? oY 7Y e
r ef er r ed Préliéfonl éffvd Godihg HRRES to gYdetthy diffeRdneaBEtEen Rio¥ieh Somper3eded image
Coordi nates (x, y denote the location of the pixels within the 30 I mage
and pi xelsegmgnisandyogrespondingscaments i therprrnal imagsy Ehe yoeniasy obprediclion y .

CO\IF'SRI\M-EH@I«%FQ( céﬁ%%ﬁ&%ﬁéﬁhfgﬂ 1R29940206:A{vidth and the required

quality of the coded video. In a typical Discrete Cosine Transform (DCT) based system

this is done by varying the quantizer parameter (QP) used in quantizing the DCT
coefficients to a specific accuracy.

Coding systems, in general, provide a set of parameters to represent the coded

20 signals. These parameters are entropy coded and sent to a decoder for decoding and
reconstruction of the coded signal. To improve the compression performance of the
entropy coder, the parameters are often predicted from the information available for both
encoder and decoder. By doing this, the entropy coder needs to code only small variance
differences between the actual parameter values and the predicted ones, leading to a

25 coding gain.

A digital image is usually represented by equally spaced samples arranged in the
form of an NxM array as shown below, where each element of the array is a discrete
quantity. Elements F(x, y) of this array are referred to as image elements, picture
elements, pixels or pels. Coordinates (x, y) denote the location of the pixels within the

30 image and pixel values Fi(x, y) are only given for integer values of x and y.
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F(1,0) F(1,1) . F(1, M-1) F(N1,0) F(N-1,1) F(N1,M1) A typical video
coder enpWwoysod/dis®8 types of pictures: intra pictures (/IPCRiTB200B/OE)()7
predicted pictures (P-pictures) and bi-directionally predicted or

bi - predicted pictures (B-pictures). 5 Figure 1 a shows a typicalpgxaipl e of

a video sequence consisting of an I-picture a a P+ Rl Gt | ures
are i ndependently decodable in the sense thatﬂﬂﬂrenegpggk%%i%gﬁ OP?'B?E:?ure

(I-bl ocks) do not depend on any reference pictures. A P-picture can depend
on available referencel pfédfles @Dt hat a B @S —ilh & P-picture can be
either an |-block, or P#igl, @ck tp?g)dependqunApne)r ference picture.
Figure I b shows a typicjal exanple of. a vi.deo 10 sequenc¢e consisting of an

| -picture, a B-picture fand a P-picture. A B-picture can depend on
tenporal ly precedi ng andrF(dH1®M &M+ Eiur-es. FAVBl1gegk-T)n a B-pi cture can be
an |-block, a P-block or a B-block that depends on two reference pictures.

P- pi ct ' ' . 0SS, . i
the v adooBiRl Bke bERRehBloS AEHARCL AR AR EED oS HESERRA) BrodiaBEs ' "
encoded aictareP(Ppirotures),and bbdiréctionalpapretdictedrue di-prddictédEgitmngyBapictugg).ons

(bl ocks), .which are predicted fromaone of the previous|y cqded and
transhi t tFagrre 1 ashewvss bpicalgiample ‘éfrgr%‘B%Q SRQUENGS; COPBIFAE o I:ﬂl%tamﬁ&ri’ -

i nformat i fra; js : =g L i1C tor
pmg?. 19idhRE Krte' Hgdé Ri&e§ '&%&F‘dﬁiaﬁﬁ: il th&\RnsH FBNBE BRks #lin lgqlct‘df‘éi

(AX, Ay) e AXis orizohtal and Ay i1s the vertical displacenent.
The not i dhbleeks)dosiot deppnd losanyirdferenteymicuedse rePgpactpiechn dependoa aysidablelur i ng

notion conpensation to nstruct .sampl.es in 20 edi cti.on picture Fpred:
For ed( x, Jorecengs ietpss ek BT ableck i Rniflee oo SESGnpigek 8t GEHIRGK { he
Mot 1 on eshdtidBhends oRbAE ?&”éren@}ﬂcﬂﬁfe@@lg@&é m_shoz@ £typiehl exanple oftz’hﬂd_éB fference
between the original picture and the prediction picture Fpred, is

conptless sequspce eqnsisiag of ayl-pictirg A Broicters agd g Frpistureaed hpictroeasi depeighet i ons
of sone dj [ . rm i I . far an 8x8
or axa bibugnpiEny DRARThE R clidfind ADSLAT R bRck UL Bitdriah sBTRIAR, 2 7K
subsequentB-ylogk ani Bzsidck Bdadéperd onoiwodreERne @te6558 PCT/ | B2003/ 002707
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P-pictures exploit temporal redundancies between the successive frames in the
video sequence. When a picture of the original video sequence is encoded as a P-picture,
15 it is partitioned into rectangular regions (blocks), which are predicted from one of the
previously coded and transmitted frames F,.y, called a reference picture. The prediction
information of a block is represented by a two-dimensional motion vector (Ax, Ay) where
Ax is the horizontal and Ay is the vertical displacement. The motion vectors, together with

the reference picture, are used during motion compensation to construct samples in

20 prediction picture Fpeq:

F, pred(x,y) =F, ref ()C +4x, Yy +Ay)

The motion vectors are found during the motion estimation process. The prediction
25 error, 1.€., the difference between the original picture and the prediction picture F,eq, is
compressed by representing its values as a set of weighted basis functions of some discrete
transform. The transform is typically performed on an 8x8 or 4x4 block basis. The

weights, which are the transform coefficients, are subsequently quantized. Quantization



Attorney Docket No. 944-001.081-2 introduces a |loss of information since
the quanti zed coefficients have | ower precision than the original ones.
The quantwpedo4/ooasssf or m coefficients, together w th notiren/B2®s00250ANd SoMe
control information, forma conplete coded P-picture representation. These
different 5 forns of information are known collectively as synpg

el enments. Prior to transm ssion fromthe enc Ag%m%?pf?@fet% ggropl géfésynt ax

el enents are entropy coded, which further uces & Aunb

needed for their ntatlon Ent r opy. | ess. ration
Rimed at HFoATSA 8t ehiatoamaben maw@m&%&a@w%ﬁwaﬁ% ? S PSR { ed or
stored SXﬁ@&H Ynedilizing properties of their distribution (some synbols
occur nore requently than others). In the decoder, a P-picture is

obt ai ned by flTlhstquemizsdrtnamfpng co¢fécipnfediog@thwiplil motipevtacnorStahé sgmere nmanner
as in the engod d addingl% t%f gdlction I.Ct B qpressed
predi ct i GAAEHA § eynpigte soded BPIgHredrTSe aélofl e(je ?e\%} ghting the
t ransf or pyrmiyast lﬁfohﬁﬁn%d &Bknbwh eguéclﬂeelgtaa Bt el ekl SPdrtd easdnikgbent s. The
di fference between the 15 reconstructed picture FYec and the ori ginal

pi cture iftonztheleaepdento thedeeader. adltsyniax slements arsepfrepyrrodediviielcfusther (Ax, Ay)
h t

cval uat | TRk P e O MR e RO el ROREARA GH, PR Pl b RIIGED

| ocat i onspéiatioly pinted(at htimiyihAyhe nudntir of bitereqairetbtoatpresond randmtittgd@or | ocat i on

is referred to as. a sub-pixel valug an process of determ ning such a

vaI ue |s stozed Wh%@f%@l‘%’ﬁg Bieperigs @ﬁqh%gm%woaﬂsoan%w ?&‘é‘fcui/%lpﬁe F(x,Y)
rounding pixels: KL Fx,y) ZZ

f ( 5 e L eﬁﬁéﬂtfﬁﬁarg&hégg

1=-L+1 where f(k,1) are filter coefficients and n
and m are obt dn ﬂmoﬂebyddrr aRgéatinegs abtaimnd by first Zanstelstiwthe\peftq;ctlmqnd:tmeager

val ues. Tefllter coeff | C|ents ar dent on.the Xx'
val ues,  THC ST B InshE piover Sniyadou s SRR HeuBp e dimbresB wnl o1
??E)e |5Ub c‘? d’f&ion fﬁ?‘{ :J?hel:(f(dfl} é@fe(ﬁﬁﬂéﬁi}ﬁoﬁ ahr61hs 36 181d Bswéightiphe tndfolmt X', Y' )= Z
asis CthIlS using the quantized transform coefficients. The difference between the
15 reconstructed picture F . and the original picture is called the reconstruction error.
Since motion vectors (Ax, Ay) can have non-integer values, motion compensated

prediction requires evaluating picture values of the reference picture F,.r at non-integer

locations (x’, y’) = (x+A4x, y+A4y). A picture value at a non-integer location is referred to as

a sub-pixel value and the process of determining such a value is called interpolation.

20 Calculation of a sub-pixel value F(x,y) is done by filtering surrounding pixels:

F(x',y)= i ZL:f(k,l)F(n+k,m+l),

k=—K+1Il=-L+1

where f{k,]) are filter coefficients and » and m are obtained by truncating x” and y’,

25 respectively, to integer values. The filter coefficients are typically dependent on the x* and
y’ values. The interpolation filters employed are usually separable, in which case sub-pixel
value F(x’, y’) can be calculated as follows:

Fx,y)= Y f&) Y fOF(n+km+).

==K +1 I==L+1
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In the case of B-pictures, it is possible to predict one block fromtwo

di f f er entwpebervmnise pictures. For each bl ock there canPo#/1Br03/8@0767 Of
notion vectors (Ax j, AYd and (dx2, Ay2), one for each reference picture
used. The prediction is a conbination of pixel values from thopg

pi ctures. Typically, pixel values of the two r i nes }
averaged: 5 Fpred(x,y) =(F, (x+AXl, y+Ay,) +F2(xégérgl,egﬁ%%ﬁé%%?g?ggfa2ti on

RIGRGENE NI A S S R TR
resul ts. p%ﬁﬂ%s.%r%%ﬂﬁlb&%ﬁfew &n%?@b%&? 8Pmlo oh‘%@cqo&'(ﬁx,,Biztjg}g%Hr( S, APIY

exanple), I nterpolation has to be performed for each p ure fromWwhich
pi xel s arome ff@teableckferther ttmreysepr Bai predictiorn isarcombinatios bé pewebealydsdtom es
requires fwce the nunper of i.nterﬁ]iol a%%gns conpared with gredi ction from
onl'y one tResedP @icturrs, <L YPialy Rixgdivalies 9t BF tho reipreps RGeS e ayeEsctn i s
significantly higher than that of single picture prediction. 15 In the

i mage,5 codi ng system of the present invention, all the notion information

that is used for rm};i 9%?2%@@?3?%@ hﬂlgysﬁllﬂ% g@%g}lf;%zﬁ@eci fied in

exi sting video codi Ny For exanpl e,
according to the draft version of the H 264 video coding standard
presented in the docunment by T. Wegand: "Joint Commttee Draft (CD) of
Joi nt Vi deo Speterpolationiad pixelstipnpnrigegerposigions soerfemadogpigngwdilter om Doc.

VT C 167 4,8 Biog ISR TSR 1N 23 b SU ECAVEER ANE: Ll FiESipy 2002

all P-bloc cted using I'nat1 ons o nterp ion
filte wrhilti-picefefpredietidrsis @ded GDB-pbturedOfor ekampl}), dRerpoldtian had tobear filter.

This filterjng sche will pnow he  described in_conjunction with Figure 2.
In the fipgtf_@él}eq Ree _l?tptﬁﬁoma@wfbﬂxelﬁcarer W%J@@réﬂeréf RSkt ‘%P’E’ttﬁ’roe
sanpl es %ge&eawpﬁﬁuﬁ%gaﬁ Nicethd RImBE% T E ﬁ%ﬁss@d}ﬁ%arm @hﬂg}eaﬁeg n25

t onal s t \

val ues a ract npl e positions. According to e H 26 eo codi ng
st andar d,freswbnalyione [piokak UEhusnthe cpoipkixity of vmlti-petura pradiddn tosipmfibarttlye

Hovever , THEIY DGR of SOERGHT PR EGFBEY at | on of sub- pi xel ~val ues i n the
| umi rance  compaaiaghicbding Sysias of iHRgRestRt ifverd@ACATHHE SndtidntiRRrAANGRI eXity
and resolution 30 requirenents of the notion conpensati on process,
sub- pi xelthatad ussd peramipieen ennpensatipa is similar to that specified in existing video coding
standards such as H.263 and H.264. For example, according to the draft version of the
H.264 video coding standard presented in the document by T. Wiegand: "Joint Committee
Draft (CD) of Joint Video Specification (ITU-T rec. H.264 ISO/IEC 14496-10 AVC",
20  Doc. VT-C167, Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, May
2002, all P-blocks are predicted using combinations of a 6-tap interpolation filter with
coefficients (1, -5, 20, 20, -5, 1)/32 and a bilinear filter. This filtering scheme will now be
described in conjunction with Figure 2. In the figure, the positions labeled “A” represent
reference picture samples at integer positions. Other symbols represent interpolated
25 values at fractional sample positions.
According to the H.264 video coding standard, sub-pixel value interpolation can be
applied to both the luminance (luma) and chrominance (chroma) components of a picture.
However, for simplicity, only interpolation of sub-pixel values in the luminance
component will be described here. Depending on the complexity and resolution

30 requirements of the motion compensation process, sub-pixel value prediction in the

4
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944-001. 081-2 | um nance conponent can be carried out at quarter sanple
resol ut i omoanodomessei ght h sanpl e resol ution. Again, for pPermptiosnazy7 only
quarter sanple interpolation will be described below, but it should be
appreci ated that the exact details of the sub-pixel value intepp

process and the resolution of the interpolati doe a
applicability of the nethod according to the %& o?lge&é\ﬂ Eﬂ)o cco di ng

to the quarter sanple resol uti on sub-pi xel val i nterpol ati o rocedure
def i ned AMEBRBGGRPIRINERLEER be GrEigd out FiqugHsr FaTP ree]ﬂ'atﬂ%?r oglarf'»bg b%gl? £i ons
are general, Y AANE @,npll, |biseym sitions.
The processﬁﬁlola %1 E(f)}gli (l)c?l I's @glggltéerr:sgﬁl &% g‘\;}v’?at%%‘&‘”r efe%cgjnbgg to Figure
2. 10 - *bleb“sbuplltelsoudad bhapprecsaagiimt ﬂmwhct@lmmlk abélbedb-pbdw'l vane obtai ned by

first cal.cul ati an nte rredlaev 6-tap filter
(descri bé@e’é’ﬁ’iﬂ?@g pf‘i?eislf'é‘dﬁ Sheadp 10%3% é@emﬁﬁtlﬁgaf’%@géﬁhﬁ&? tions in the
hori zont g F ﬁjdabﬂﬁ%bpt'ﬁe iegod dcBdldingto ke &fesent Biventién.cal cul ated according to:
15 bh = clip 1((b+16) >> 5) where x >> n denotes the arithnetic right shift
of atwo's corfpicemmtmthn @lgféﬁer sammir: e@sehmamswbrpucfel xalug/mﬁpmlﬁmlyprapgims and
E:Ihiep g? Bh%gg ¢ %Cj:ordgr}%ct%gfgﬂ lB)red0 Stlon va?ue]s a? %9 sa‘}%)lg ?4)519 &B s aré %eneralttgd BL}( c) =
ot her wi SQveraglﬁg-Eﬁlﬁpﬁﬁﬁﬂih&;geﬁndhﬁltf saﬁ@[ﬂ}icﬁltﬁﬁsl Thopdctssiiel &fdh pbsitied &
obtained equivalently with the filter applied in the vertical direction.
The sanpldgscribed heloy, Withweleregezio Figws 2-abel ed “cni are obtai ned by appl yi ng
ggsrpll%e ggsf ?P (_’JIfr}]llg 's%lﬁﬁlglé %ﬁaﬁ'ﬁsa@ﬁ@ﬁ&ﬁ%n@ﬁ&e‘l’eﬂl ‘Y 5reRbBindd ¥y flsCaEGHatiRY |

an intermediate value b by applying the 6-tap filter (described above) to the nearest

samples ‘A’ at integer positions in the horizontal direction. The final value of

‘b™is calculated according to:
15 b" = clip1((b+16) >> 5)

where x >> n denotes the arithmetic right shift of a two’s complement integer
representation of x by n binary digits and the mathematical function ‘clipl’ is
defined as follows:
20
clipl(c) = clip3(0, 255, ¢)
clip3(a,b,c) =aifc<a
=bifc>Db,or
= ¢ otherwise.
25
- The samples at half sample positions labeled ‘b" are obtained equivalently with

the filter applied in the vertical direction.

- The samples at half sample positions labeled ‘c™ are obtained by applying the 6-

30 tap filter to the intermediate values b of the closest half sample positions in either
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the vertical or horizontal direction to forman internediate result c. The
final valwe 200400688cul at ed usi ng the rel ationship ¢ = clrcp/iktse®i®) >> 10).
m5 - The sanples at quarter sanple positions labeled "d', "g', "e and f
are obtained by averaging with truncation the two nearest sanppggr ﬁ,g-

By o

integer or half sanple position, as foll ows
>> 1 e=(A+b")>> 1 f =(bh+cm >> 1. 15 - The s%t}rg 3 %CQQE\ZOH%? O@l 08

p05|t|ons Iabe ed .h e. obt |ned by aver agi unc n t
P osest b ahverionl of bR HHediaR a dm AT i e el g gl e

rel ationship hs cal&pﬁe(fugngm%guon% The sanples at quarter sanple
positions | abel ed " are conputed using the four nearest sanples at

i nteger positions u5| ng the relationship i=(Al + A2 + A3 + A + 2) >> 2.

25 In existing videq_cC n such as MPEG 1, MPEG 2, MPEG 3,
H 263 and H. 264, thecg n@gﬁﬁﬁgﬁ%pgtl on filter is applied regardl ess of

t he tsype of prediction. It has been found that application of the
interpolation filter in this manner is not always efficient. It is

advant ageous g sa@ples abiuartensamrle peritiensiihalrs dang’s ¢/ swdnf fage olfpiged BY 30
di 6 WO
783075 S SRR ol PSP

position, as follows:

10 d=(A+b")>>1
g=(b"+c)>1
e=(A+b")>>1
f=(@"+c™>> 1.

15 - The samples at quarter sample positions labeled ‘h’ are obtained by averaging with
truncation the closest ‘b™ and ‘b"’ samples in a diagonal direction using the

relationship

h=(b"+b")>>1.

20
- The samples at quarter sample positions labeled ‘i’ are computed using the four
nearest samples at integer positions using the relationship
i=(A1+A2+A3+A4+2)>>2.
25

In existing video coding standards, such as MPEG-1, MPEG-2, MPEG-3, H.263
and H.264, the same interpolation filter is applied regardless of the type of prediction. It
has been found that application of the interpolation filter in this manner is not always
efficient. It is advantageous and desirable to provide a method and system for digital

30 image coding which reduces the complexity in picture prediction.



Attorney Docket No. 944-001.081-2 Summary of the Invention According to a
first aspect of the invention, there is provided a nethod of encoding a
vi deo seqwermet/@esssri sing a nunber of pictures, in whickecanprwsaexsonf the
video sequence is divided into blocks and a block of the picture is
encoded using one of a 5 nunber of different types of mot i on copgggﬁgted

prediction, including at | east a single- pi Ct N m éth%MBGl Pgu
enpl oys notion conpensated prediction to generate ct ed” pixel val ues

for the hl ock by ysing an interpolation filter operatlng on pi xel val ues of
a singlggﬁgﬁﬁ¥8§é§l%g¥$ﬁ¥e in the video sequence and a nulti-picture
prediction typecbiidte to%nﬁ}ls%ﬁe%ﬂlﬁrlnmﬁﬂﬁ%%j i RIRH Glrh@Rod 6F GRAERAL €
predicted pixel values for the block 10 by using an interpolation filter

oper at i ng vadeopesednce adropigsing a nmnbertdfaanct@we, in e\fhecrhemmetur@oﬁtﬂlg vedepn t he vi deo

sequence. The aract tha the co e

i nt er pol §¢9Y5AS 'isldf‘@& c{}ggogbq{)%(sgag i?cg( Qﬁq%%ﬁ”& uéﬁlsp?ﬂ%oﬂ\}lg ef)g? t he bl ock
i s dgpengdghbetPRdiffer@nCipéssTingstioht dotnpRhsdtdtEpradietdn, n?mmlﬁg)aﬂle@s blsthghf the
interpolation filter is dependent ugon the type of nmotion 15 conpensated

predi ct i @wt@rg@aedlﬁw@rtmﬁhhtgemm@ym@ Q1 com@né@ﬁﬁbp@mctlgm & gensEats predicirdl at i on

filter etl) Gal 991% lﬁ%fq{k%ﬂi#‘% &&%lé&? fAker obgi%tl%hﬁ gfxgl \Tzﬁﬁs Sl exity

of the | erpo atron fi uce usi pi cture
predi cti cihgleyRéeréme Ppivnaedi thevidedi seljeshcp adh mudti-piesuré predidiionityectkat 20 The

conplexity of the interpolation. filter can be reduced en usin
mul ti - p.eaPmYé IRt cempsasa%egﬁéecagﬁ%ﬁor&jn%ra@%?c{ e PPl w4 Wuesotjﬁ %llﬂfisal d
mul tig pi XI : 5%?%@0!&1‘8&%@? é?gm%g%rﬁlﬂxa valleb 8F mdfvihag ohS¥éreref fi ci ents.

The conpl e |nterpo at | ter can be changed dependent upon
t he si ze piatiretimtheblidekseqaomce. ﬁléheshabed osfchathetebkeskin tha thy ednapletityof thhie

|nterpolat|onfllt ratin I xe ues af e tha ref erence
pi cture jge ?ﬁ@?‘?@ﬁ?ﬁ‘éﬁ%ﬁ {8519 ﬂatt 1% Q}ﬁaf‘?aﬁieéforégo{’lﬁﬂ( g&Bﬁn%f‘&léﬁor\/al ues
of a sipgheratRbisiENGEe Block.uUr €. Advantageously, the interpolation filter

operating on pixel values of nore than one reference Elcture conprises a

4-tap filter digcomplexity of pheliaternetationifilier isgiseendenhigposrthpiypeiof 8Btival ues of a
Si ngll c r%for%%gr?s% ed rgcflé{{o% u%QJTH{én%Sém'g‘ tl?e 13188( filter. 7

The complexity of the interpolation filter can be changed by changing the type of
the filter.

The complexity of the interpolation filter can be reduced when using said multi-
picture prediction type to generate predicted pixel values for the block.

20 The complexity of the interpolation filter can be reduced when using said multi-
picture prediction type by using a shorter filter, or using said multi-picture prediction type
by using a filter having fewer coefficients.

The complexity of the interpolation filter can be changed dependent upon the size
of the block, or the shape of the block

25 Preferably, the interpolation filter operating on pixel values of more than one
reference picture is shorter than the interpolation filter operating on pixel values of a
single reference picture.

Advantageously, the interpolation filter operating on pixel values of more than one
reference picture comprises a 4-tap filter and the interpolation filter operating on pixel

30 values of a single reference picture comprises a 6-tap filter.
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Advant ageously, the interpolation filter operating on pixel values of nore
t han one woeber®ssse picture i s dependent on a fracti onalPCpiiBzio3/p@30otion in
cal cul ating a sub-pixel value. Advantageously, the nethod al so conprises
defining a set of interpolation filters 5 for use in connectiopy

particul ar prediction type, and providing an AR gﬁf)'o&?et?{ 944_66{%05§3I ar

one of said set of interpolation filters to be Us n conpensSat ed
prediction of a bl ock. According to e second a f e |n ntlon
there is proviAf¥antageays né‘ é‘}ﬁglfpg}ﬂtlop LCE SR MY &L ‘Héd’ aﬁ’& E 8n‘?/| deo
sequence rGpLd bﬁgegdggmal ﬁtdHaRh&idﬂ%?ﬁxel‘ﬂ&s&@n‘ﬁ‘i‘b&&hlﬁhr?é &&dlbr—ﬁxélf the

vi deo sequence di vi nto bl ocks and bl ock of said picture is
encoded wsluag one of a nunber of different types of notion conpensated

predi ction, | udi n | east si ngl r.e di.ct.ion. t. t hat

enpl oys not i ohA‘dg’ gﬁﬂtyeﬁ‘e Ei?]?-ﬁfﬁ:lfc? GHT %goﬁé?fuwlégg %o(gc'ﬁts?tg&théﬁg’etfrsval ues
for the bagk nwomlebm ﬁiﬂhhpw'cﬁm Bledfioh ityfeCind 1SR Adn@Ratinstla val ues
of a single reference picture in said video sequence and a multi 15 picture
pr edi ct i oarticylse onthef saishist efjiatarpelptien Blserptmbeitsed ipmetipr compensatedener at e

predi ct ed d[i)ltf(o%lofa%ll&‘]?(s for the block by using an interpolation filter
operati ng on pr xel ues of nore than one reference picture in said video
sequence, The Axgsidaip toakpdecombaspetaishd vertdngtitteiy provideddi @dirysyttgpe to be
used in notion conpensated prediction encoding of the block and 20 nmeans
for chand?if@dings Ylﬁ%?%?% fbﬁ Videp SeqUenes SRS R NWBPI A RIFES AR ct | on

typgy Tkkﬂu&h@pfah?@oﬂaa@oﬁlea'sé@;eﬁéeﬂmdémtd mgfspaaahatum df hid&gictiasigd on a

characterlstlc e size of or the shape of the
bl ock. Aenmdr&d mgmg ont hfa hinbet cﬁsipfé@'bntdypctswé nmties enmpemsatedtpredictiather e i s

provided. an co diction for use in

codi ng sy&d Pé‘r’?g&?@f@m &gg’%a g’@S%%aZ h’é’é nto(slr?ﬁrcf’g}pﬁlésaée%nunber of
pi ctures, réd’i’ctWﬂ' t§ %er?erﬂb ?Féd'i&ecp;fnxél%ldés d8ahs BIR BS @sink an Ghteipd Bioh Miter bl ocks
and a block of said ure i s encoded using one of a nunber of different

types of operatingon pnqggveémsexf apsinegds veféronce pigteteunstg videolsequrncaand agnlti-pi ct ure

or cdct ey Bredcl Ry SRR ol RGP R ERTREF R RADE N ke AR,

oper at i Ngix¥h vRlu¥Lfor mml&ﬂ( Wf ustngSamigitegpolation filter operating on pixel values of more

than one reference picture in said video sequence, The system comprises:
means for selecting a prediction type to be used in motion compensated prediction
encoding of the block; and
20 means for changing the interpolation filter based on the selected prediction type.
The changing means also changes the interpolation filter based on a characteristic
of the block, the size of the block, or the shape of the block.
According to the third aspect of the present invention, there is provided a method
of motion compensated prediction for use in a video coding system, in which system a
25 video sequence comprising a number of pictures, in which a picture of the video sequence
is divided into blocks and a block of said picture is encoded using one of a number of
different types of motion compensated prediction, including at least a single-picture
prediction type that employs motion compensated prediction to generate predicted pixel
values for the block by using an interpolation filter operating on pixel values of a single
30 reference picture in said video sequence and a multi-picture prediction type that employs
motion compensated prediction to generate predicted pixel values for the block by using
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30 reference picture in said video sequence and a nulti-picture prediction
type that enploys notion conpensated prediction to generate predicted

pi xel valwexodimoeiske bl ock by using 8 WO 2004/ 006558 PEeTTIBROH@ 2002707
PATENT Attorney Docket No. 944-001.081-2 an interpolation filter operating
on pi xel values of nore than one reference picture in said videg ence.
The met hod conprises: determning the types t he C Rgu
predi ction; and changi ng the |nterpolat|on fléFgwc%ase qah %gfﬁérnlned

types of the notion _ 5 conpensated prediction. Accordi.n to the fourth
aspect ofn{INerPRlatieR filtet PRASHHNEAR OPARY epsﬁ/ﬁha%an%rﬁaﬁe? Petgre ifgtilon

conpensat,gfl R gd '%%ch%"'c&lﬁ Alxsi nterpolation filter to be used during

nmoti on conpensated predi ction f a picture block is selected in dependence
on the type ofdetmmrmgthemymenﬁﬁieenbtmne@nmenmdmedicthm alithe nmet hod can be

compensat i on LGRS PRI AEr B BBfta CATTgPese TR RReR

predicti @B E&Esafeﬁ%rém@ﬂdﬁre bl ock is formed using nore than one reference
pi cture, e selected interpolation filter has fewer coefficients than the
i nt er pol at i on Adcbrding totthe fousth agpdceef td prdsent invratippgherstis piovided agesthrthsat ed

Dt SR eSS PO SRR L0 e

pi cture. cohpendatedppedietionut af}ild:ﬁlfH blbék isstlectt@th dld’pedmeél dﬁ fieeypdofmotion
characteristic of the picture block, the size of the picture block, or the
shape of CPWéelﬁﬁa@Eimf@hﬁF%‘dlée ‘According to the f| fth aspect of the present

invepyion, thege | o e?h&f&?ﬁ'b%qu ?e&le%%dq%%?éor . QS ik idagadrot i on

conpensat ed pre I on conpr Psi ng neans Selecti ng an interpolation
filter to be ufthd tyherdfimgotiomtdoorpensatipe nsat isd xmxlednaztmeqnecbétum tgpetimr e bl ock

in depend e on fhe of notjo sat ed iction used. The

appar at ué"’ 2 predictign %‘yféﬁ? B’&“F?l“& gﬂ%@%@%ﬁ%’ﬂ%wop%&a? ﬂn%lre\%1 THSS P Sder . I f
the type (f si@RkddqRteHRITRIA R ARs fé%%gcée‘fﬁé’ieﬂ@é kdn-tRé fidtp6laRbeHitéitha/Ns type, in
25 which a prediction for the picture block is forned using nore than one

r ef er enceelocted when thestapeiofmation fampansdted piedigtian used ie psulgiepiowrd i I ter is
oper FSt hv pre(f) ctlso% t%:e[ i \r;]vh{crﬂta prgé)llctl A 3¢ t}}ceI lf;létﬁlte block is formed using a single
reference picture.
The interpolation filter is selected in dependence on a characteristic of the picture
block, the size of the picture block, or the shape of the picture block.
According to the fifth aspect of the present invention, there is provided an
20 épparatus for performing motion compensated prediction comprising means for selecting
an interpolation filter to be used during motion compensated prediction of a picture block
in dependence on the type of motion compensated prediction used.
The apparatus can be implemented in a video encoder, or in a video decoder.
If the type of motion compensation used is a multi-picture prediction type, in
25  which a prediction for the picture block is formed using more than one reference picture,
said means for selecting an interpolation filter is operative to select an interpolation filter
that has fewer coefficients than an interpolation filter that is selected when the type of
motion compensated prediction used is a single-picture prediction type, in which a
prediction for the picture block is formed using a single reference picture.
30 The means for selecting an interpolation filter is operative to select an interpolation
filter in dependence on a characteristic of a picture block.
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that has fewer coefficients than an interpolation filter that is selected
when the type of notion conpensated prediction used is a single-picture
predi cti owot2pp006538 whi ch a prediction for the picture ParaskoossoXrer ned
using a single reference picture. 30 The neans for selecting an
interpolation filter is operative to select an interpolation fipgg7in
9812

dependence on a characteristic of a picture b . I
PCT/ | B2003/ 002707 PATENT Attorney Docket No.kgﬁli‘-e?ﬁg)f%%?"g%%g?neans for
selecting an interpolation filter is operative to select, agn i.nterpol ation
filter in depdadiass b scheting ingroqilon flicris EEE sdedapdrepoltionne

si xth_aspaek ifdepbilfentt 65 Bidlside DIy hiefhre b108EE i S provided a video encoder
conprising an apparatus for perform ng notion conpensated prediction,

wherein 5 saiAfcarsivag tatthe siktiy aspent o6 theipnepentoiniverntionothorsris aravaledrasddest i on
conpri ses neans for .selectin i nt.erpol ati.on filter, to bg used,durin

ot on: G BRRUE SRR ISP a sRRepRe o BT RE o seimpriated BrstitiRe v BRC 0t y pe
of M3t i oRaCEPAARS fethapfotdingtrheionconthensACTHrediction tempries afMaNion aspect of

the present invention, there is provided a video decoder conprising an
appar at useleetingyay intarpalatipiiditar shbe biedclusiag swptioncampenssted predieteanef 210 sai d
appar at us,. f.or.m t] : Woxe . Lses neans for
G L e T S R TG bl
predi ction of Accoyding tortke bdventk aspectl opthe pessent iaveritior, thygeds piovidet iaotideo
conpensated prediction used. In_a preferred enbodi nent of fhe present

i nvent i offecefier FUPRMYINGAR PRATAN: foF Breifernyias mofiop cempensated peedictiogy WhEteer ent

predjcti QQidta}SPEr%tus F¥epekforthfils hotRf do&ﬁéh%&?%géifcﬁ&@@oxﬁﬂf)ﬂék nead€lor 15

dependi ng on the type of bldck prediction. Mre specifically, the present
i nvent i oselgstorg ahoterpalatianl filéar $o hdresedrduring nitonwompepratedipredicion af aused. Thi s

approach significantly l.owers the conplexity requjred j.n.the notion

D er pol AHdH birckaf degendpiioh the i BT TS hbmb Rl didion Fedor s ar e

sel ected appngRprettRédembsBmeit ke ?r_fésénlﬂﬁl_v‘éﬂﬁéﬂ idiffébntioi@ionThRFfMtRl ONn i s
negligible due to the 20 additional filtering ef f ect provi ded by the

wei ght i ndiltsfs arpasedvier gifieernt predivsion tynespbe Her tyne srehargedwt the teckolgeel
?gpgl-rseg; idg}%)‘@g{s%e‘?}?%‘??%’tr?%gfbﬁj?e%g’[}%ﬁéia%gggaken in conjunction with Figures 3
More specifically, the present invention uses shorter filters when multi-picture
prediction is used. This approach significantly lowers the complexity required in the
motion interpolation process. At the same time, when the shorter filters are selected
appropriately, the effect on the quality of the interpolation is negligible due to the
20 additional filtering effect provided by the weighting of the two predictions.
The present invention will become apparent upon reading the description taken in

conjunction with Figures 3 to 8.

Brief Description of the Drawings
25 Figure 1a is a schematic representation illustrating two P-blocks in a P-picture

being predicted from previous picture data.

Figure 1b is a schematic representation illustrating two B-blocks in a B-picture
being predicted from two reference pictures.

Figure 2 is a schematic representation illustrating integer samples and fractional

30 sample positions for quarter sample luma interpolation according to prior art.
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25 Figure 1 a is a schematic representation illustrating two P-blocks in a
P-picture being predicted fromprevious picture data. Figure b is a

schemat i cwoepoe®es®sat i on il lustrating two B-bl ocks in apPBTaBatsn&70bei ng
predicted fromtw reference pictures. Figure 2 is a schematic
representation illustrating integer sanples and fractional 3 FRNG

0 »3
positions for quarter sanple lunma interpolati i | \Lht . 10
WD 2004/ 006558 PCT/ | B2003/ 002707 PATENT Att o}rgﬁ%@%%gzogié‘?%%gggﬁ%gzw1- 2

Figure 3 is a_schepgatic representation i]Jlustratin ub: pi.xel | ue

nter pol at | on FHHHTS S ReA FRIFTIZG R FSAresgmeaet bt ptegbe el vaiak i Grmelfor oo

repr esentydd hsHhohtfal 85édiidhi Ng sub-pi xel value interpolation in the vertical
direction. 5 Figure 5 is a schematic representation illustrating a process
f or const ruct iFigurof ina schamatlt nepriesentatidbn Hiustigtingf subtiixglivakie intaipalasiopyn

i nt er pol %tli on.in both horizontal and vertical directions. Figure 6 is a
f 1 owchar 19 YFHA AUESHOT t he nethod of filter selection, according to the

present i nventrigite 519a Si@ihatic fepréseatalib®iiiselhtagy Dpfotéss Ysi doabtnitgion oy h deo
encoder according to a preferred enbodinent of the invention, in which

i nt er pol dwpctimensianat array of subinixql daluenby mirpelenerindipth herazanial andyertigali on
corrpensatd%gctﬁ)d' (gdi ction. Figure 8 is a block diagramillustrating a video
decoder accordll'ng to a preferred enbodinment of the invention, in which

i nt er pol ati on Higuré 61isa Aowchkat flusteaingrthempthod @f €idtenselectionf dveordjfpao die not i on
conpensated prediction. Detailed Description of the Invention According to
a pref er PEFBIBYAIBNt of the invention, shorter interpolation filters are
used(f or bi - digiagt h0ablo¥k Bt HRR R LHKS e&oaeld&eomgm%ggﬁ@f_eﬁ@@

i nterpol ation conplexity. "For exanple, in a particular enbodi ment, the
f ol | owi ngmbotiapent bf therisveatien,iis exhich intenpxtlation Nlgdrsiars stlgrted iedepghdgricg eh s

| ocat ed z%}t1 di ffFre t fracti ongl e%i' el positions: 0/4: (0, 16, 0, 0)/16

1/ 4 (_ 2 q_‘tl,pe g, m_o%n} i(gnpensate prediction.

Figure 8 is a block diagram illustrating a video decoder according to a preferred

embodiment of the invention, in which interpolation filters are selected in dependence on

15 the type of motion compensated prediction.

Detailed Description of the Invention

According to a preferred embodiment of the invention, shorter interpolation filters
are used for bi-directionally predicted B-blocks in order to reduce the interpolation
20 complexity. For example, in a particular embodiment, the following 4-tap filters are used

to obtain values for the sub-pixels located at different fractional pixel positions:

0/4: (0, 16, 0, 0)/16

1/4: (-2, 14, 5, -1)/16
25 2/4: (-2, 10, 10, -2)/16

3/4: (-1, 5, 14, -2)/16

Use of the interpolation filters defined above in the calculation of sub-pixel values
will now be described in detail with reference to Figures 3 and 4. Both figures show a
30 small array of pixels representing part of an image block where interpolation is to be
performed. Figure 3 illustrates use of the previously defined interpolation filters in the
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25 2/4. (-2, 10, 10, -2)/16 3/4: (-1, 5, 14, -2)/16 Use of the
interpolation filters defined above in the cal cul ati on of sub-pixel val ues
wi || now we 2deisosisked in detail with reference to Fi gur @esTdB2msl0e2707Bot h
figures show a 30 small array of pixels representing part of an inage bl ock
where interpolation is to be perfornmed. Figure 3 illustrates upgraithe
previously defined interpolation filters int 41,00 %%ﬂ
PCT/ 1 B2003/ 002707 PATENT Attorney Docket NORSQT%%E\%%é%% 9Q%§r6|'z%}1t2al

direction, while Fi (%ure 4 il# ustr.ates ap Ii.catioP of .1 he, fgillter.s in the
t

verti cal Nogzenighdissrtion. whilerrigyer gaHudrates paprhcafior of e fiewindhe ¥ettdd at

| nteger phnBlon] BRUH PRSrBNtho ks o ixkl ol ARG 1dckiiGs B Gsgpnot od
by the s?&n%glkod %feét?ol oW ng thesco%{;{etr%t?on itnt r%ﬁgl?g{eéd I relllFisgureSZ. In
addi t i on bydbeintgupodation &ltgrrane lehotedbyt the aymbotéAl, fellovnptherdopventione. 5 Al, A2,
A3, A4), .indjcati the interpol ati.on fi.lter.coef.ficient.b ich. the

o ¢+ cul dptsEa migpee. FOARhRG ety RvideR Sl fnEerical mbutil e

val ugs t Q\lpm,i%t, AL P ehBéfhhgithe inbepolhedr Al cabfficint by Whithi thg pativ@hspiRdl, A2,
A3 and A4 are denoted by x1/4, x2/4 and x3/4, respectively. Simlarly, in
Fi gure 4,valugés olis-ipuliiplied; an Hegire 3, the subnpiselyelues d@ibe mterpelatedrin theal col um

i ncludin I . A r n L4, y2/ nd y3/4. 10
Now cons?lggkéh%ﬁﬁﬁéﬂ?lg&ggipﬁ(e?}egﬁi 2 g%%bcfj%f %ﬁgegﬁ%é})}({ Y1 ’4)Y 4saﬂg§i’/‘8ul ated by
appl yi ng redpeitbrepo Sahilaty, fin Figare 4,thelgub-gieélivateds abby iterpolaet iethewattivab Al,
A2, A3 and A4. Thus, x1/4 is iven by: x1/4=((-2' Al)+(14 -A2)+(5 .A3)+(-1
. A4)) | cohmminclydmepixels Ayoho A and v At denatediby Yam > ¥ied9gts nanner by
applyj ng i nter i £ It : qt P , gmi% A4 and
Si rri%UarI Yy, sug{}g‘} gée sﬂi)%g}h g@?@recglﬁ%gﬁggﬁb-@bﬁ%@ﬁ%\é?&?ﬁ% cieﬁ%ﬂearﬁ%oblygﬁp ntilter
(3/4), asntstpolatiobdilten(1/40dsfied aboyg, t@pixgllyalues (A0 A2,AR) and A4 Thus, A3) is+ (-2 -
Ad)) [ 16. X3/4=((-1 .A)+(5 .A2)+(14A3)+(-2 -A4))/ 16 Now referring to

Fi gure 48%Mpi xel value interpolation in the vertical direction is 25
performed in a manner exactly anal ogous to that just described in

connection wth horizontal interpolation. Thus, sub-pixel values yl/4
V2l 4 and y3/ 4 %ax s (a1 da) &b A9 hG - AD) + (1 - Ag)/ 16

15
Sub-pixel x,/4 is calculated in an analogous manner by applying interpolation filter
(2/4) to pixel values A;, Ay, A3 and A4 and similarly, sub-pixel x3/4 is calculated by
applying interpolation filter (3/4), as shown below:
20 Xoa = ((-2+ A1) + (10 Ap) + (10 A3) + (-2 - A4)) / 16

X34=((-1 -A) +(5-A) +(14- A3) + (-2 - Ag)) / 16

Now referring to Figure 4, sub-pixel value interpolation in the vertical direction is
25 performed in a manner exactly analogous to that just described in connection with
horizontal interpolation. Thus, sub-pixel values yy/4 , Y24 and ys/4 are calculated using
respectively interpolation filters (1/4), (2/4) and (3/4) applied to the integer location pixel
values A1, Az, A; and Ay as defined in Figure 4. More specifically, then:

30 yia=((-2 A1)+ (14 Ap) + (5 Aj) +(-1- Ag))/ 16
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respectively interpolation filters (1/4), (2/4) and (3/4) applied to the

i nteger location pixel values Al, A2, A3 and A4 as defined in Figure 4.
Mor e specvOizemloogssst hen: 30 yi/4=((-2' Al) +( 14- A2) +( 5A3) PCTABMGYNH021@ 12 WO
2004/ 006558 PCT/ 1 B2003/ 002707 PATENT Attorney Docket No. 944-001.081-2
Y2/ 4=((-2 Al )+(10" A2) +(10 A3)+(-2. A4)) [ 16 Y3/4=((-1 A )*+(5 psTENT

A2) +(14A3) +(-2-A4))/ 16 5 Interpolation filter ﬁgéé%[iﬁ &@&1@Q$QOF SLQG set
of interpolation filters for conpl eteness ané S ure*y notironal as it
represents the cal cul gatjon. of sub- pi xel val ue - incident with, and
havi ng t he saﬁ@474fzé%ﬁ%f?g)uﬁaﬂzﬁg'é?'WQ%E%S?/ﬁgcation. The coefficients
of the other 4-tap interpolation filters (1/4), (2/4) and (3/4) are chosen
enpirically for exanple, so as to provide the best possible subjective

i nt er pol ati on yof =t(Gé - dup+ 05 xAb) v aldeds) + (1D- By))filést interpol ati ng rows of
sub- pi xel values in the horizontal direction (as illustrated by steps 1
and 2 in Figure 5) and then interpolating columm-by-colum in the verti cal

diregtion (staptesoldtiohiflier C0/B) is irel¥@due tHeet SRaTSoMIdA Kedrs PRSI tion bet ween
integer |location pixels can be obtained. Figure 6 is a flowchart
i |1 ust r atcompletenesyandts puisty ratisnpl gedt repegsens fesalcelation of a sulypikel wildgcao t he

preferred_eg I: . i A , 1N r 600
bt °Fi gur a8 S e Rlird e B Pt D ABR A 5o SERU ) The EMERGENSs O
errbo(cjii rreni(f tigd othdstm-i)ap \inﬂa@bglﬁon dittersv@s) a2bl) aak (394) @e wlra]@heﬁ emgﬁﬁaang féror

encoding (step 610), it . term nes, at step.620, the prediction type to be
used i n exaBalentp BFtoPHYidH @EE?“IPPSS[‘WE Sulaﬁ%,ttyaémea)@iaélpmog&e LhPIXPValRSi s to
be od ~1hik: i Rl . L@Ld: i to be
nseat? ¢ ne bt Fbrbo s of sulfRlch Pl TR AR RO s MY (1
be encodestkpad aad R-ibFiguks 5) andi thereimtapalatingséalgmnablyicoingmmpba satieal predi cti on

b cture. [FeciLispads T8t shacr uerhbeh qub piist Berfol UL hiekef Pegion
i nt er pol ke Uelddtaihed. be used in calculation of any sub-pixel values

required during the notion conpensation process (step 25 640)and then forns
a prediction flogurefds Q)ﬂgwr&hmﬂﬁ@tmtm themethed o sph-pixgh valugpiedighion,i ng any

P-4 ety B ST SOpEh R 0 PR b A L AR, 1,
Vi deo coB00@f FetespRtibatd wiledtntbder implemented according to the preferred
embodiment of the invention receives a block of a video picture for encoding (step 610), it
determines, at step 620, the prediction type to be used in encoding of the block. Ifthe
encoder determines that block is to be encoded as an I-block i.e. motion compensated
20 prediction is not to be used, the block is encoded in INTRA format (step 630).

If the block is to be encoded as a P-block, it is encoded using motion compensated
prediction with respect to a single reference picture (i.e. a previously encoded picture in
the video sequence). The video encoder selects a first interpolation filter to be used in
calculation of any sub-pixel values required during the motion compensation process (step

25 640)and then forms a prediction for the block using the reference picture, calculating any
sub-pixel values as required using the selected (first) interpolation filter (step 642). If the
video encoder is implemented according to ITU-T video coding recommendation H.264,
for example, the process by which sub-pixel values are determined for P-blocks is
advantageously identical to that proposed in the H.264 standard.

30 If the block is to be encoded as a B-block using bi-directional prediction from two
reference pictures, the video encoder selects a second interpolation filter, different from
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for exanple, the process by which sub-pixel values are determ ned for
P- bl ocks i s advantageously identical to that proposed in the H 264

st andar d.wBQodi400633¢ bl ock is to be encoded as a B- bl ock Pa3itBzN03/002707

bi -directional prediction fromtw reference pictures, the video encoder
selects a second interpolation filter, different from 13 WO 2%%%/ 58
PCT/ 1 B2003/ 002707 PA TENT Attorney Docket NoAttg]_Anlzéy%% gﬁg‘ 244 ;lr?_st

filter, to be used in t he cal cul ati on of sub val'ues ste Z‘g
the preferred i ment, .of th nven the se ond e as.a |length
(nunber - ghe B i b 0 ih e pLula0ge o pbapixpiieiis ﬁ?mﬁi%ﬁ%w Iggtetted °"

coeffici %Hb%hlﬁéntBh%e 1h&e?1ttlof1'th5 SécondRBr IBRGAEN IS (hidebeplof coUffiGiehts PRad 1Y

predi cted B-bl ock, the video encoder forns two separate predictions for the
5 bl ock, lesséhdn therleagthnnombehef qoeffwienty)of thecfiret fglger m;nsﬁnaﬂw 854), and
uses the econd n f|| er to,calculate sub

required. ﬁeftl?flff‘élx pf%f%gggﬂh F}ggvé %ﬁentcﬂ%eraﬂi’m BeSEPE e(?ﬁg(ﬁ&thodls&r E‘ this as
t he f§ nalp|kedh&trb@eatlos thb eefbleRckpictit &NstEpHI52 Al 4533 ana@eadhe skdtbad pol ati on
filter has a nunber of coefficients that is |less than the nunber of

coef fi ci dntespolasiontfiier tq gadqulatp ser-pisehyaluns 25 required. Itiien gomreansavernge of the
| nt er pol gL}, c{&t dn€and 8s 151? Eﬁh;%} 4Ps rBhféﬁ{n?1 £ tP{ea% s't{g) <§§f6) d%sf HELLRE!

B- bl ock pre on si gnl i'can redtices e conp
i nt er pol ahuemla:roﬁcfﬂ&s hasonpanied oficddrfitients tlotd kexs tlhyn thfe rubrtbef bf &iefficients
|nterpolat|on filJter were_ used. More specifi aII in the S|t%at|on wher e,

for examgitahe rsbinisrpalgtion Bercysibs eisqoptl iiermaTatign (T ) sERIIBRIXT has
si X ﬁpef fJafle§ M 6i dlgeeﬂoﬁzh% ﬁeelegedidﬁt)ﬁggahﬁtamrrédh&és%e b&rnﬁ‘leﬁ‘lt)t @fp(h%l lter (4

coefficients), rectional bl ock 1"nter ation involves ‘two filtering
operatio nsteqwlatm ptécess caymarat wph thed ®xr(pimetyf16ﬂ1eé'asthnq@r®dhtmm fdterwest i s

formed) ins d of t filt r|n eratl on,.6x6 arrays of
oi el s, ABSqBorsRaesivallyy G S Rte. Piaaile, Bt et Mda 8.6
filtering. em@; ({8 hat 8 cﬁ@ﬂﬂéleﬂtéb hyd Bk séé&d%t@ﬂp@mﬁbﬁ eist-tap filter (4
S|gn|f|cant reduced while the interpolation accuracy is only mninally

af f ect ed.Cop! ),bitdiregtionad Brbla¢kaigtaapelativsvintel ves mquéléﬁrmm@ﬁlonwaﬁxﬁe of
carry4 ng O%t S {sﬂ@xe@g Jéﬁ%ﬁ%h%ﬁ@& o%%%t’]?fcﬁ&ﬁﬁj‘&?t% cﬁbfa@ OﬂtJri Erai XHS

accordln I nven 700

i ncl udes @rfbﬁﬁéﬁ mg6kﬁ aedys bIPixels. AWbDWo agd ﬁ[teﬁﬂg%pe@atﬁiﬁ@ldl@placbhmé@dmo a
predi ction type selection block 730, an interpolatign filter selection

bl ock 75004k fltepng aperatiens, thesermpiexiy oftherk-nigte seding ixsignfieailys a vi deo
i nput  si gAlced YRk R 19%%1&%@&%09 s o\ﬁ'lydﬁﬁ’mmally affected.

Figure 7 is a block diagram showing a video encoder capable of carrying out the
20 method of selecting an interpolation filter type, according to the present invention. As
shown in the Figure, encoder 700 includes a forming block 710, a subtractor 714, a control
block 720, a prediction type selection block 730, an interpolation filter selection block 750
and a prediction block 740.
Forming block 710 receives a video input signal comprising a sequence of video
25  pictures to be coded and divides each received picture into blocks, each block having a
predetermined size and shape.

Control block 720 is operative to determine an optimum prediction type for each
block. Although the choice of a prediction type can be performed in a number of different
ways, according to an embodiment of the invention, control block 720 is arranged to

30 examine each available prediction type in turn and to make a decision about the prediction
type to be selected for a particular block based on a measure that takes into account both
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25 pictures to be coded and divides each received picture into bl ocks, each
bl ock having a predeterm ned size and shape. Control block 720 is

oper at i vewbDoai065381 ne an opti mum prediction type for each/iBblosoé70Al t hough
the choice of a prediction type can be performed in a nunber of different
ways, according to an enbodi nent of the invention, control block 7i S

arranged to 30 exam ne each avail abl e predictjon t i Ublig ? ) ymake a
deci si on about the prediction type to be selé@?@ﬁ@%r"k%%oarb?‘i‘?g 'g?P%I ock

based on a neasure that. takes. into count both 14 WO 2004/ 006558
PCT/ | B20Gks ¢repeert impaerdirtprign larfﬂégﬁe%@bf MENSREVaRIedioTHPe Qndo %ﬁé‘“&’é‘&? ee of

i mge di %ffﬂ{faﬁﬁdﬁohgﬁea&%%@d@me BRIcRGsMoTh i PredibtRAl tghd. TRiRIREo AREadREsamount
of information needed to code the bl oc% using that prediction type. This
ki nd of memsumdy referratidmas alopstrfeheionsdn alteraative endsxdirhenig of thainvehion

al ternati ve enhodi nents of th%ﬁin%ﬁntion ot her equival ent neasures may be
used. 5 IPH AAUXHEINFASHES BRY{PR&S?hvent i on consi dered here, the availabl e

predisction typRhe ediddirAsnt 8O tHiReknbh @Bnsiddtediére thé aeSlableerédivwh Bpack is
coded in INTRA format, (b) P- block prediction, in which a prediction for

t he bl oclard @) hopredictigsi ingvhachs¢asg the image blogk és caded ieNHRA (fermas- (B) Bek

predicti In ich. c | - dj. td I kCL] . rence
frames i ;%le%( é’&?ae&on }noﬁgﬁ%P (%(P ﬁ%g)%sf{gf@%tbé&%gg oq%lreg ?IE:'% ?(r)g}ll}g\t{%rﬁg&lgél&t urn by
10 i nst r yekewnd(E EBibtddkGedistivn, fewRich icast Hildiektiotd0pledicsion fiohetwencoder into
a particular coding . node (I-block, P-block or B-block). Control block 720
cal cul at égferemge {ramgpisgsed. 0@6%&04‘1] R £¢16Hs eardxPredisian WP HHIHMURY ng each

predicti ) | £L 1 : Lack and
o eS| A ADRRES A SO 66 LAh! 15 A g o
bl ock i n ndedi-timckeP-hidck ot Beblodk)i Gigntroldslodkt 72(Readeuldys thhivelue pf thedwstt he

| owest cqost 15 functjopn. Fornation aof the vari,ous predictions for a

par £ 1 cul dR9HIOBRat SRS fomSing earh Bredistion bynecing <Bao %t A SHEESDBIITPT now be
descri bedyddYop RSk #@tadiabsoclabed iRRrRMIRAI AR kypfefto bBAsed if\pvReHidtm sfeer | bed
here, in which there are three available prediction types, control bl ock

720 fi r stblaokgn aeaprdange withdhe endingwededl Beor Bowhithogrldy 8w lowest eostt he vi deo
enc%er Lf\ri‘%f .OP-bI ock 20 coding node, in which a prediction for the block is
fornmed u 3‘ % single reference frane. Prediction type selection bl ock

730, in turn, FoRshtidiCdfIhé MArdus praidtivns forla Riticgdratddkaind Rhoick of the
selected prediction type will now be described in greater detail. In the embodiment of the
invention described here, in which there are three available prediction types, control block
720 first instructs prediction type selection block 730 to set the video encoder into P-block

20 coding mode, in which a prediction for the block is formed using a single reference frame.
Prediction type selection block 730, in turn, instructs interpolation filter selection block
750 to select an interpolation filter for calculating sub-pixel values during the P-block
prediction process. A prediction for the block is then formed in prediction block 740 using
the selected prediction type and interpolation filter. Next, a measure of prediction error is

25 formed in subtractor 714. This is done by comparing the prediction for the block, just
formed, with the image data for the block input from forming block 710. Control block
720 receives the measure of prediction error from subtractor 714 and calculates the cost
function value that results from using the currently selected prediction type (P-block
prediction). As previously explained, the cost function takes into account the size of the

30 prediction error and the amount of data required to represent the prediction for the block
and the prediction error (that is effectively the amount of data required to transmit
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750 to select an interpolation filter for cal cul ati ng sub-pi xel val ues
during the P-block prediction process. A prediction for the block is then
formed i nwpredi/@sisen bl ock 740 using the sel ected predipcrimBmosyEeoand
interpolation filter. Next, a measure of prediction error is 25 fornmed in
subtractor 714. This is done by conparing the prediction for thg,bl

just fornmed, with the inage data for the bl O%%orb?ﬁ@%gl{ertm.gﬂ-%ﬁ% ] oé:k

710. Control block 720 receives the neasure fon "érror

subtractor 714 and cal cul ates the _cost function val ue that (%e)sgl ts from
usi ng t hénfermationmegessely de resgnsiristthsiesk at g sarrespopding Kideg dsender: GRARtolAs

previ oushy, £%Bh didAehred i€ c88§’ﬁncfti'69%jfu93ré%lzllfer?€0é8 3k &g@ﬁd‘é&%&o&éﬁn&isﬂﬁ‘gﬂf t he

30 prediction error and the anount o ired to represent t
pr edi ct i emFigare H)he bl ock and the prediction error (that is effectively the

amount of datg required_to transmt 15 WO 2004/ 006558 P B2003/ 002707
PATENT At t or &SRBtk Re9 nah fisgoats g fl3lon tHREREIRRHD Oﬁléczré‘i?aﬁega’tﬁo
reconst r Yeteolhodel Atk Blodk SidERBAL dh Rfls MlodE % HEGIOE& for bkl bl ock 720

then stores the cost function value in a nenory of the video encoder (not
shown i orfiedyaisifig bidinettiaal piedickio? BOMMiawt refamence drames p Peadiiaiondype ype

sel ection bl ock.730.;t0 set t.h Vi encaoder. .1 nt - bl ock codi ng node.
In this ﬁﬁla‘éfong’kb?}(eﬁo@fl?t&}‘?tsfIBferRQﬁ%tmﬁ]ldlﬁgeﬁ S%_Scuﬁnol?l?r‘g(d%gﬁoﬁglfﬁtganbi -directi onal
predi cti @itedpbRiToh ilkef R QECMGR g th@BESlockredictibn prvctispad pedii@vhibderkiidock 730
instructs interpolation filter selection block 750 to sel ect an

i nt er pol &etmsrp prediction fos the lacksing e selected predigtiop tyne adiintgrpglabierditennd
predicti 0 . ol | . | 1 el ected
b ot on RABEu  och Rl o InPIEE G, B hEpdbYIRE Colbabdh BT P01 T

t he i nverbdiag mddbés dififessmp foai thatrselectetl dor welir Ptidack predetidroMorecodi ng node i s

different fromthat selected for use | -l Qck prediction. Nore.
speci f i caP§oyficaflpethe fRtepektign iﬁ_ifﬁr N ?%f‘é‘rfg_égr@e@%e&sPOfsbﬁ fgﬁ’ﬁr ‘iﬂeggql%"ct? on has
fewer cogffyiif olali@f1tENRed Hmtle-'b[&k%fr«?d?&%(d(n'. ohes 2 Paftibh 6 tht Bk has

prediction. Once prediction for the block has been produced in
pr edi ct i beerbprodiced4n preaigtioadiarki7én, epredictips efror isdoimied by dubtractoro?147md and 15

Car don ac deesanio caarg) B 128 WO hsbretmng i con. auy s ARy SRa ey |
bl ock 72Qtdr&iStIHE I RIe® ERDIETd MEmbype sel ection bl ock 730 to set the video
encoder into I-block (INTRA) coding node. In this node, no prediction is
used and Finally, control block 720 instructs prediction type selection block 730 to set the
video encoder into I-block (INTRA) coding mode. In this mode, no prediction is used and
therefore no interpolation filter is required. Prediction type selection block 730 instructs
20 interpolation filter selection block 750 appropriately and the video encoder proceeds to
encode the block in INTRA format. Control block 720 then calculates a corresponding
cost function value and stores it in the memory of the video encoder.
At this point control block 720 examines the three cost function values stored in
the memory and chooses a selected coding mode for the block according to the prediction
25 type that yields the smallest cost function value. Based on this choice, control block 720
outputs the selected prediction type. In a preferred embodiment of the invention, it is not
necessary to provide an indication of the selected interpolation filter as this is determined
explicitly by the choice of prediction type. In other words, when receiving the encoded
information representative of a particular block, a video decoder implemented according
30 to the invention can decode and determine the prediction type of the block and thereby

directly infer the interpolation to be used during motion compensated prediction at the
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therefore no interpolation filter is required. Prediction type selection

bl ock 730 instructs 20 interpolation filter selection block 750

appr opri awelzgosmaessshe vi deo encoder proceeds to encodepchhaBmiosodke7on | NTRA
format. Control block 720 then cal cul ates a corresponding cost function
value and stores it in the nenory of the video encoder. At thisppej

control block 720 exam nes the three cost f“nﬁﬁ%@%ﬁgélﬁeﬁé59‘{-%919-'0?1-9 he

menory and chooses a sel ected codi ng node for accordin 0°the

predictiagn 5 type . that. yie|lds the |l est cost function valLye. Based on
this choidE‘é),d%Eo%‘ﬂ%cﬂheB}a&‘f%e _E@‘%H\?Pb?ftggm&‘%@’ acpesilipmdifapen B#tll!‘f’ype_. In a
preferr e@ntag)g%bfm%r Rfbedied by B8R HkARded By dohtrBPblocR IR SRPIYUHE R @Y1 de an

i ndi cation the selected intérpolationfilter as this is determ ned
expl i ci t leycdsled ifernadtmingepresentatiovd iof thedlodkype. | n ot her words, when recei vi ng

th ded ~inf ti tat | f ticul | ock,. i d
docoder 1 mpl e FAFEH st SRparRy o3 b idke dpinsBr Tl ittt stb Rt or mi ne
the predipedfeR énfbsibnt dTehdprosdnt aRventidie MaRYn beké@Gidn thefigire, ithe

i nterpolation to be used during notion conpensated prediction at the 16 WO
2004/ 00655 dROTMBREs 3 /dempitpreximptipsk8 I, e@refistiqnortos deeqslingblaclo@l. 081- 2

decoder. | n. ti ' L ' . NANG

i cat i SitsH ot FefR S RSN, afindBEIACY Rk Akcyn BRECEUOG |
control kbmed blcdk s80¢an addetiB@6Maridma video owtpai8iEd The edoded is afraiggdrtesent at i ve

of the block. Figure 8 is a, di agram showi ng a vi deo decoder 800 i npl enent ed
accor di ngeaeheand efﬂdéfaé‘rqné?fieéﬁ%‘%@i%ﬁfeaﬁ’fprgﬂ'éceﬁrbé@]é%?rengﬁldfswbe can be
seegof ropiddentdyH6p the decoder conprises a denultiplexing block 810, a
prediction error decoding block, a notion conpensated prediction block

830, an i nt er poherg atherfthingsthseicoded bitrstoéane koBpfises ancagled magionbl ock 850, an
adder 860 and a video, .output. 870. .The decoder is arranged to receive and
fecode. atGHEYSPAGLE SRPL S malivn FRtEuR By THEiop et S b | bed 10
vi deo engReRs. THncsBARGdRL YIS trdahi 8 Sceivied ByRRUGIRY B16 b ERPROMRY itSes
encoded notion information, prediction error information and control

i nf or mat icomstitedng pantyy Coptrelis turmationbrebating to Tedypnelonieidon¢amerenpited st ream i s
recejived by..demul L1 pl.exer | S | 1, L0t0 i stitye rts.
ContiPol - PR TRlsh h BF EhocbP o 2Made’s S0 BpbEhhOied O b bl HaR Y

predi cti demuitiptexensihenciRpasted td contidCbldek 850 MBmbliGcinformativh patiigihgl r om

the bit-stream by . o .
to the block is passed to motion compensated prediction block 830 and associated

prediction error information is forwarded to prediction error decoding block 820.
If, on the basis of the control information, control block 850 determines that the
20 block in question was encoded as an I-block i.e. without the use of motion compensated
prediction, it switches video decoder 800 into an INTRA decoding mode, which then
decodes the block accordingly. If, on the other hand, the control information indicates that
the block was encoded as either a P-block or a bi-directional B-block, control block 850
instructs interpolation filter selection block 840 to select an interpolation filter appropriate
25 for the type of motion compensated prediction and then causes motion compensated
prediction block 830 to decode the block using the corresponding motion information
extracted from the video bit-stream by demultiplexer 810. During decoding of the block,
motion compensated prediction block 830 forms a prediction (predicted pixel values) for
the block using one or more reference frames (one in the case of a P-block, two in the case
30 of a bi-directional B-block), constructing sub-pixel values as required using the selected
interpolation filter. The predicted pixel values for the block are then passed to adder 860
17



dermul ti pl exer 810 and is passed to control block 850. Any notion
information pertaining to the block is passed to notion conpensated

predi cti owoloerdos&H30 and associ ated prediction error i ®PCarMBRIOB/OMRTIS
forwarded to prediction error decoding block 820. If, on the basis of the
control information, control block 850 deternmines that the 20 blag

question was encoded as an |I-block i.e. witho t he

conpensated prediction, it switches video degg g%ﬁﬁ 2%0 anoﬁﬂ?ﬁhz
decodi ng node, which then odes. the bl ock accordi.n : on_the ot her
hand, t hevheBnipyRrs W%w%g?%&%a&e ighipR sror J3ige ﬁgrwgé é‘rPé‘?:S’d“éanas

ei ther a (2obhacki0misizetbags ERhcid bRRRLE BlxePl 416k fnBRt ructs
|nterpolatFon'h1¢g ]$§ectﬂbnﬁ%?n@ke840 to seﬁﬁct ﬁﬁPkterp tlon filter
appr opr i autpul forfdimplayhe storpge 0 videbiootput8hpensat ed predi ction and then
causes notion conpensated prediction block 830 to decode the bl ock using
the correspondi ng. notion Jnfornatlon extracted fromthe video bit-stream
by dehul t d Alt decodi ng of the block, notion conpensated
predi ction bl agk ?@sgmflﬁwﬁmaceﬁseihﬁlslbﬁem@w%fdu% txel values) for the
bl ock using one Or nore reference franes (one in thé case of a P-block, two
in the case 3Miffereat imternolaem ﬁbe;ralcarﬂadad;mgd1ne,'comt0ﬁthcbn¢sgies¢rtbep|ake¢e val ues
as requir.ed The predicted pixel

t filt
val ues fd ¢ reBP%?B%&‘é ? @%&8& 18‘@58 %H%fg‘igné’léd‘ e‘ﬂ? WO 2004/ 006558
PCT/ | B20Q3/ 003 QdditiEAMINE pfdicioneiodeQsigs blbek, teddht atishlfiller chiB8 they are

conmbi ned with decoded prediction error infor mation for med by prediction

er r o0 dedlspindeprinthenichgroteristics of shabloek (ixp- sigeothspe ociuaunasice élforrationk el
val ues. EQ' x4 n?g&%: '18 Wne ?Hérﬂhﬁ e?ﬁboq Iﬁait%}fﬂ%rm&%n?loﬁgf 6 Yépgﬁl\(érq&?sea %l{) ut i870 5

Inplenenta PR AN erhafi Ves Tl resent i nven
vari ous Whyeks that El\fefcﬁﬁﬁﬁilomsmf@xﬂqdlms and 4 4 kdpeﬁl&rﬁﬁﬁsebéoﬂﬂbd@ﬁladmgnst ead of
t he ones described above i.e. different Iengths and / or, filter

coef fi ci chmensingof 4x4pixsls- Ju apetherltsartive grnbedimenka fselrasdler BHCEFHNS 20f t he
bl ock, the, a{rE'BﬁJrcE?sj @%H O(E?ﬂ; éé{(aﬁl‘?le EhReRig the ﬁzgﬁgﬁcﬂﬁeﬁﬁoﬁ’%’@ﬁ p1xe}s in the .

charact eri'stcs 0 e., Size, ape or lumnance I nformation).
For Exanplegtical dimension) 4 lnpert filtee bemgmdwdtﬁmntcrbotahen ofisubApikelrvalues G thap filter

is used for. bIo ks that have, di of 8 i xel s d.a 4- filter
S used ORI BTUCROREON trd - HE U DRd dehaser herDeeE el R terep 2P oF na | ve
embodi Menyb Bidet FAIAETHIRE vErBt N Mm@ @.g. a 4-tap filter). In further alternative

embodiments, different interpolation filters can be used for the luminance and

chrominance components of the image information. The human visual system has
20 different sensitivities to the luminance and chrominance components of an image (it is less
sensitive to spatial variations in chrominance information) and therefore it may be
appropriate in certain situations to use different types of interpolation filter to operate on
the luminance and chrominance components.
- The block mode or other characteristics of the block do not have to define the filter
25 explicitly, but this information can be used to define sets of filters, and the most suitable
filter can be 1dentified by other means (e.g. by sending selection information). As
mentioned above in connection with description of a video encoder according to a
preferred embodiment of the invention, in the case where there is one interpolation filter
provided per available prediction type, selection of a particular prediction type implies the
30 use of a given interpolation filter. However, in other embodiments of the invention where

more than one interpolation filter is defined for each prediction type, information
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square block is used, (for exanple 8 pixels in the horizontal dinmension and
4 pixels in the 15 vertical dinmension) a longer filter being used for

i nt er pol awio@04xio6s38b- pi xel values in the horizontal di meTaBo3f&707 a
6-tap filter) and a shorter filter being used for interpolation of
sub- pi xel values in the vertical dinmension (e.g. a 4-tap filterp 7Ry
further alternative enbodinents, different igpterng %%q@«;bh&%bfogﬁg be
used for the lum nance and chrom nance conponen?%yo e I'imge
information. The human vi sual K systemhas 20 different sensitivifies to the
| umi nanc&e&Fding Wﬁp}ﬁﬁé@%ﬁb&ﬁ%ﬁﬁ? lawr%gq%ﬁgée %I}de?cgmﬁﬁ%glde% Hsitive to
spatial yariRbh@hht kd'a EQQPLARRE GedoBEh Trddr 88 nWhnk RBERLPIoHobsd Y be.
appropriate In certain situations to use different types of interpolation
filter tcoopariatmpotationtiiiter Farnisemroetiemebnepensated predetionapthadetasler.- The bl ock
node or otherq%garacteristjcs o% thq.alock do not aég to.define the filter
25 expl i Gi t |y, \PERFCSERTBVITHOB FARDT BRPTEGO0FEY OBt of TGIeF71se MBS U3 1Py | ter s,
and tshe mastictin dfali@ureftlbdke s aRnldIR: Adleditiaf i@ thebdy, Bichels coRans® 9. by
sendi ng sel ection |nfornat|og%. As nmentioned above in connection wth
descri pt irestriggfonzpnthelsumbercfdelereaee Gpmenthat eowdd bppeede Qravipushh Bgrahenldf t he
i nventi on ix%et pa%t'%ﬁ%%ea%x?{b?e fiﬁﬁﬁ_re is one interpolation filter provided
per avai I’55P% Bre rction type, selection of a particular prediction type
inmplies the 3@he$eeseht iavditiottan bé gyplieddhiany chbmbiration bOwaV@moreiefoidnes
enbodi ments of the invention where nore than one interpolation filter is
defi ned fismesaeed wmsedieionf aRipEre Blogkor mati on 18 WD 2004/ 006558

PCT/{B2003/ 002707 PATENT Attorney Docket No. 944-001.081-2 regarding the
choice of interpolation filter is provided in the encoded in the video bit-
stream and serfthus,mlthouglr the spentiompsdeecn described witleespect teaphdferredhe decoder

to choose the. correct. .int olation fi]ter for use in i conpensat ed
br edi ot 1 GRS FEGia M Ph BN SRHRY gt et a b b s P aO IR ey
nunber  ofyafi g CSRAC B ah R BRisHSBarld UevintiBhe M 16k iféth Ad Rt wbAbPmBY BEK. |t
shoul d be noted that, in theory, there is essentially no restriction on

t he nunbenadefwithehibdepacting fremmle schpe ofcthisligvasdionsed. Obvi ously, there shoul d
be sone practical / reasonable Iimt. The present invention can be applied
on any conbination of two or nore reference franes used in prediction of a
picture block. 10

19



Thus, although the invention has been described with respect to a preferred
enbodi nent thereof, it will be understood by those skilled in the art that
t he foregwongos#masssvari ous ot her changes, omn ssions andPdeaBzms/oorg07 n t he
formand detail thereof may be nade w thout departing fromthe scope of
this invention. 19 WD 2004/ 006558 PCT/IBZOOB/OOZ?O? PATENT Attg g» rDocket
No. 944-001.081-2 What is clained is: hod o]
sequence conprising a number of plctures mﬁ?%%yeﬁcgﬁc upgggﬁl %e§V|deo
sequence i s divided .into blocks and a block of said picture is 5 encoded
usi ng ondVBAt 1HCIAMAYES: of different types of notion conpensated prediction,
including at |east a single-picture prediction type that enploys notion
conpensated prediction to generate predicted pixel values for the bl ock by
usi ng an li nt erdpmletiod off ehédding a vidpesauiemy comppisiugla nuaihee of pittugess imghieh

reference |ctur in.said video.s ence and a t ture prediction
ype. ¢ hat HTHBIeG dns AP LERAS AR A P BUTES PRA Dloch2h AP P Bif ct ed 10
pi xels valeﬁ@&iea%mg Rge BF 26EmBYr JIdi fi&eAtypdtoTiiitloAtcoRipehdatddeireBRsat i Ng on
pi xel values of nore than one reference picture in said video sequence,

wher ei n tihdudipgpi least apingle-pintre pmd@ﬁp@tm@ itlat emplays imaiipagompensatadr at e
predi ct edreodiélof tg %elgué%tﬁ%?gdlctec? elova es%orqﬁg 8 %E%&,{l#l%%rln r?tﬁlg)%ﬁlrt ﬁtf'?t” stic of

the bl ock®! acco |ng 0 clarm IeX|ty of

t he i nt eroperatih 6 pixel Vatiied of a sitgderdabiiceyiaretii €ait WioGkquedte o £ mpensat ed
prediction used in encoding the block. 3. A nethod according to claiml,
wher ei n PHAUEPR§st eigns typothat ¢raplpys wehen @&mmsatr«qi prsdictign tg, a%mgaéﬂpmiw&ﬁiang. ng

the f(y pe %Iel }/Qlﬁﬁ foH}férblorgﬁOD usn‘%%ﬁ}n IQt?cﬁloﬁl E)geléﬂ \A%L)ﬁlbmei'valmed Jet he

conp exi t e I nter en usi ng sal
mul ti - pi ctlhanrcmepeknhnce pmture ypsid mdg@sm;uamc&, wha@nmﬂaedomple&ityaﬁthaes for the

bl ock. 25 5. od a cordin to cla ere co e of the
i nt er pol é‘?tfaﬁ’ﬁ t‘J’itFrF o SERFEEE PW%%“L@?‘%@’%%F rfﬁ? H] lﬁfsc‘{% %‘i(eﬁiélﬂnctl on
type by lé%hgﬁcﬁn§thttﬁébfobkter 6. A nethod according to claim3, wherein
the conplexity of the interpolation filter is reduced when using said

multi-picture prediction type by using a filter having fewer

15 2. A method according to claim 1, wherein the complexity of the interpolation filter is

dependent upon the type of motion compensated prediction used in encoding the block.

3. A method according to claim 1, wherein the complexity of the interpolation filter is

changed by changing the type of the filter.

20
4, A method according to claim 1, wherein the complexity of the interpolation filter is
reduced when using said multi-picture prediction type to generate predicted pixel values
for the block.

25 5. A method according to claim 3, wherein the complexity of the interpolation filter is

reduced when using said multi-picture prediction type by using a shorter filter.

6. A method according to claim 3, wherein the complexity of the interpolation filter is
reduced when using said multi-picture prediction type by using a filter having fewer

30 coefficients.
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30 coefficients. 20 WD 2004/ 006558 PCT/ | B2003/ 002707 PATENT Att or ney
Docket No. 944-001.081-2 7. A nethod according to claiml, wherein the
conpl exi twoabosdeesssnt er pol ation filter is changed depemrdenB2oopoir7ethe si ze
of the block. 8. A nmethod according to claim1, wherein the conpl exity of
the interpolation filter is 5 changed dependent upon the shape

block. 9. A method according to claim 1, Wnerghn th E]g%tﬁop%fbgpgﬁ ter
te

operating on pixel values of nore than one r
than the interpolation filter operating pi xel vaI ues of a sin
r ef er encd- pi cthumgthod@caqding toglaip d, \abesmdhﬁgomale&tbap%hi intgypelatipp fi tﬁléls

i nterpol ?%%n%{épggé&gg%q&%ﬁ%ﬁ%e@hgg%% val ues of nore than one reference

pi cture e interpolation filter operating on
pi xel values of a single reference picture conprises a 6-tap filter. 15 11.

A et hod accordin to claim1, v\,h rejn the interpolation filter erating
on pi xel & val deBeBOdFEFAINE i Clapa %eﬁeﬁﬁecw@@g&t@f the H@E@HE‘HH’E’ Bl i

fracty onqhm%ea% é?ﬁ%ﬁttdcpgﬂtlhé‘shaﬁ@&fctﬁemdcﬁg a sub-pixel value. 12. A rret hod
according t m 1, conprisihg defining a set of interpolation filters

20 for use in connection with a particular prediction type. 13. A nethod
accordin to cl ai ris vi di .an i ication of. a particul ar
one of s i d sé}mﬁﬁg %‘ﬁ?&?ﬁ‘g‘gé‘wf&ﬁg# B%rpgltpgxﬁ ]218 ?herrﬁﬂcf%lﬂ r?f)’e%sat ed
predicti Q/Blu@§ ofmoRy tﬁekon@éfel&me/bl&eehmlo%ﬁéﬁﬂﬂfntﬁ@lhteﬁszﬂmw fAlteY bg@atisgquence,
the video sequence conprising a nunber of pictures, in which a picture of

the vi deongixphplves oka single srferensaRiciocks and a bl ock of said picture is
encglq)ed usi ng one of a nunber of different types of notion conpensated
prediction, including at |east a single-picture prediction type that

enpl oys 30. notA metlodrpesdiaged chine dj whérein the iepelatidefieresperdtiag opipvedl val ues
for the block by using an_interpolation filter o eraté&elon pi xel val ues

of a si ngples et Bpsthan preiefirence picue gopPHEss 2 4iap filter and the interpolation

filter operating on pixel values of a single reference picture comprises a 6-tap filter.

15 11. A method according to claim 1, wherein the interpolation filter operating on pixel
values of more than one reference picture is dependent on a fractional pixel position in

calculating a sub-pixel value.

12. A method according to claim 1, comprising defining a set of interpolation filters

20 for use in connection with a particular prediction type.

13. A method according to claim 12, comprising providing an indication of a particular
one of said set of interpolation filters to be used in motion compensated prediction of a
block.

25
14. A coding system for coding a video sequence, the video sequence comprising a
number of pictures, in which a picture of the video sequence is divided into blocks and a
block of said picture is encoded using one of a number of different types of motion
compensated prediction, including at least a single-picture prediction type that employs

30 motion compensated prediction to generate predicted pixel values for the block by using
an interpolation filter operating on pixel values of a single reference picture in said video

21
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sequence and a nulti-picture prediction type that enploys notion
conpensatwo 2004638 on to generate predicted pixel val pe3/Bzo3vigobl ock by
using an interpolation filter operating on pixel values of nore than one
reference picture in said video sequence, said system conpri siﬂg'ﬁﬁl ans
for selecting a prediction type to be used in tion c n iction
encodi ng of the block; and means for changi n&gﬁ@eymgg%ﬁ%é%ﬁg}%fr
based on the selected prediction type. 15. A coding systemaccording to

cl ai m 14 seqyeacean suul-pigBEyPIsgicHen b edhal smpleisgeetiongemnsasatet rrpdishien | on
filter b ﬂa}% r . Sl : i yst e
accor di ngg_gg“eg%}%?ﬂ"i%% @rdglﬁ%g g%lriqhé %ﬁgﬁg#’ﬁghﬁeﬁé%mﬁ %gghc gﬁe ecédl_. Te

i nt er pol amipixel vhlieest hareaharoomet teferaice @iotdre timeaid vinlek sedifende] saidsgaetnng syst em
according to claim14, wherein said changing neans al so changes the

i nt er pol &OMBHSPE} t er based on the shape of the block. 18. A coding system
accorgling to %&hgr&%elema%ﬂedmsn b@k% BOLldiiR dtiohic8mpeRGidatgrddctidn Pi xel
val ues of nore than one reterence picture is shorter than the interpolation
filter 20cabegeafthalock; gndxel val ues of a single reference picture. 19. A
codi ng system accor.di to claim1l14,. rejn the interpalation filter
operating . on s forshmpee fe Sitestatieh FTEF e d PR A el Tt AP cvier
coefficients than the interpolation filter operating on pixel values of a
single reference picture. 25 20. A coding system according to_ claim 14,
wherei n tife i rft eoqing systeamadeprdieg topainl4, giereim sgid gbanging meansglsopbprgeshan
one {§¢ f ertﬁ@&?erﬁ&lglti&{ ﬁlte(f%gpe{d' qﬁ'lee?c}?arzf{:_tér?sac fof *hte%ﬁoc Dd t he I nter pol ati on

filter operating on pixel values of a single reference picture conprises a

6-tap filter. 30 22 WD 2004/ 006558 PCT/ | B2003/ 002707 PATENT Attorney

Docket No. 944-001, 081-2 . ) .. X
16. A coding system according to claim 14, wherein said changing means also

-

changes the interpolation filter based on the size of the block.

15 17. A coding system according to claim 14, wherein said changing means also changes

the interpolation filter based on the shape of the block.

18. A coding system according to claim 14, wherein the interpolation filter operating
on pixel values of more than one reference picture is shorter than the interpolation filter

20 operating on pixel values of a single reference picture.

19. A coding system according to claim 14, wherein the interpolation filter operating
on pixel values of more than one reference picture has fewer coefficients than the

interpolation filter operating on pixel values of a single reference picture.

25
20. A coding system according to claim 14, wherein the interpolation filter operating
on pixel values of more than one reference picture comprises a 4-tap filter and the
interpolation filter operating on pixel values of a single reference picture comprises a 6-tap
filter.

30
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21. A coding systemaccording to claim 14, wherein the interpolation filter
operating on pixel values of nore than one reference picture is dependent
on a fracwomoeed/oopssgsel position in calculating a sub-piper/Baloseo2767 22. A
met hod of notion conpensated prediction for use in a video coding system
in which systema video sequence conprising a nunber of picturﬁngN? whi ch
P8
no

a picture of the video sequence is divided i doay gof said
picture is encoded using one of a nunber of‘gﬁ%?gigﬁFﬁ?éﬁﬁgﬁ% }gn

conpensated prediction, includin t. least a.single- picture prediction

Cypb t hatlemp bR SO Gt e aersi eremeliba s Pesfitied 10
pi xel  valoesxd 9a1ubd6f MbiRGKarPohetefeRGce Bichitt & RPERddnPOn hiffab&énaPPRERT | NG ON
pi xel values of a single reference picture in said video sequence and a

mul ti - pi @ositien pr eddudatingra suppexelivalue. enpl oys noti on conpensat ed prediction
to generate predicted pixel values for the block by using an interpolation
filter operating on pixel values of nore than one reference picture in

sai d svi deo. sequpdRd of ldtioebMpehsaripédétie fol Bsedfhsiddoltolfglsheimypes of

t he noti on conpensated prediction; and changing the interpolation filter
based on Which g¥sten gividey seqysase esmpiungpaugher ofpigiuiss dn sthigh apirure ofthe 23. A
met hod of . ot | redi Ctii i i A i Flter to
e 20 Sk tnECRRANIAl B BB bl (Mol prlllo R iy BREIRILIRL Blle bt

sel ect ed numbeegidiffereartypesofirhetidnygempehsateal predictiommuisdihg dt lpasedisitigleon used.
24. A nethod accQrding té cl aim 23, .i npl enent egl iea, a Vvideo encodgr. 25 25.
A net hod PHYUS rpﬂ‘?qlﬁjloﬂ’dy?ﬁ plRmpioyy Hp REPSHAd BregicHen t@LERLT pregisteds

met ace j L1 'ﬂgﬁﬂ" 15+ i Rgnsat i on
use i s(i)gl’wirrgiﬂ%1 ?s %?E}%u%&p%il cti olﬁte?g/dr%;et,l&lih%té\/ﬁ?grﬁﬁgg g?rP hx?ﬂﬁion f%r t he

pi ct ur e Isingtskrefeserfce pintiate i sdid yideo sequehemamdreemnbipicanepregictivutype thdte
selected interpolation filter has.fewer 30 coefficients . th h

"t or pol SRS CoRERsal < REGRRIGY ErREAIeREir 51 RG] VAKE (Bh e Dlock
2004/ 006 33%:sincbh liféRIRtOR Z@Y opdrAidaNbh hikél0aNRY oPRkkethalNene R4deR1. 081- 2

conpensatéd prediction used is a single-picture prediction type, in which a
predi ct i Gictirgin saih¥idsp sequeace; said kndtkod eonpsisingsi ng a si ngl e reference

pictyre. 27. 4 {%ﬁfﬁﬁ% BE el P thetrRotfon Vot p2isatdf |t flod; Afa ' Nt €7 POl ati on

filter is sel &€
changing the interpolation filter based on the determined types of the motion

compensated prediction.
23. A method of motion compensated prediction in which an interpolation filter to be
20 used during motion compensated prediction of a picture block is selected in dependence
on the type of motion compensated prediction used.
24. A method according to claim 23, implemented in a video encoder.
25 25. A method according to claim 23, implemented in a video decoder.
26. A method according to claim 23, wherein if the type of motion compensation used
is a multi-picture prediction type, in which a prediction for the picture block is formed

using more than one reference picture, the selected interpolation filter has fewer

30 coefficients than the interpolation filter that is selected when the type of motion

23



5 dependence on a characteristic of the picture block. 28. A nethod

according to claim23, wherein the interpolation filter is selected in

dependencwoanostdeesssi ze of the picture block. 10 29. A mechmaB2@s/e@rali ng to

claim 23, wherein the interpolation filter is selected in dependence on

the shape of the picture block. 30. A nethod according to clainmp Aﬁherein
e

said neans for selecting an interpol ation Z‘Le‘&(g‘th i’ﬁ"%& '9)@0?20% ct an

interpolation filter in dependence on the si e pIC ure ock

31. An apparatus [for_perfor ti on conpgnsated r tion, .co i si ng
nmeans for“'gm?@'llsé@fluﬂ’iﬁd 1P 43E %S;?oﬁlgﬁﬁf’ B Pregrction thee iq FRTRY ‘h‘g{)ﬁl"

conpensatgd,iehuRdbieti B'Tot?ﬁed%su@ &éﬂg@@ ré}‘e&ﬁl‘e fn@tug@pendence on the type of

notion conpensated prediction use An apparatus according to claim
31, inplemented in a video encoder. 33 An apparatus according to claim

31 whor &l | 7 PR e GRe Kot o donprc e BEPIRE oGS R coure”

prediscti qepérﬁdlaﬁcedﬂh&ﬁhta@&r@ﬁ@b%bcpidt&ebﬂwk the picture block is formed
usi ng nore than one reference picture, said nmeans for selecting an

interpolation filter is operative to select an interpolation filter that

has  f ewergcoelyd hehBbod AR Efar 8 URALADIRELILEL hR3ts Lacagl fot od when

the type™of ndtion co I on ‘usé e-pl Cture
pr edi ct i depdrypgce omhm/@nzebfﬂne@mahemﬂodkn for the picture bl ock is fornmed
using a single reference picture. 24 WO 2004/ 006558 PCT/ 1 B2003/ 002707
PATENT Attorney Docket No. 944 001.081-2 35. An apparatus according to

cl aiqy 31 gwhereiRudaideiBiaRso & Qfm §§|\9§érfnﬂgh@fﬁte &at%xpﬁit@rtlg Qedidd fmer s

operative to select an int rpo ati ol ter In epen ence on a

char act edepgridenazfonathp slwipea o€ thelppctare Bo@d6. An apparatus according to claim
31, wherein said neans for selecting an interpolation filter is operative
to select an interpolation filter in dependence on the size of the picture

bl ock. 30, A method according to claim 23, wherein said means for selecting an interpolation
filter is operative to select an interpolation filter in dependence on the size of the picture

15 block.

31. An apparatus for performing motion compensated prediction comprising means for
selecting an interpolation filter to be used during motion compensated prediction of a
picture block in dependence on the type of motion compensated prediction used.

20

32. An apparatus according to claim 31, implemented in a video encoder.
33.  An apparatus according to claim 31, implemented in a video decoder.

25 34, An apparatus according to claim 31, wherein if the type of motion compensation
used is a multi-picture prediction type, in which a prediction for the picture block is
formed using more than one reference picture, said means for selecting an interpolation
filter is operative to select an interpolation filter that has fewer coefficients than an
interpolation filter that is selected when the type of motion compensated prediction used is

30 a single-picture prediction type, in which a prediction for the picture block is formed using
a single reference picture.

24



10 37. A video encoder conprising an apparatus for performng notion
conpensated prediction, wherein said apparatus for perform ng notion
conpensatwo 200463581 on  conpri ses neans for sel ecting amrCrnBEOp0024¢7 on
filter to be used during notion conpensated prediction of a picture bl ock
in dependence on the type of notion conpensated prediction use g38 A

vi deo decoder conprising an apparatus for per ng npt

predi ction, wherein said apparatus for perfor%ﬁ %gpf%ﬁ%ﬁbg%gﬁggpg

predi ction conprises neans for selecting an |nterpolat|on filter to be
used during notion conpensated prediction of a picture block in dependence

on the type Oknf‘af)&)h%ﬂls%‘éc&ﬁﬁ%% Rlf (§1P\5ﬁéljeﬁ1t§a%9aﬁﬁqor ge%ecting an

interpolation filter is operative to select an interpolation filter in dependence on a

characteristic of a picture block.

36.  An apparatus according to claim 31, wherein said means for selecting an
interpolation filter is operative to select an interpolation filter in dependence on the size of

the picture block.

10 37. A video encoder comprising an apparatus for performing motion compensated
prediction, wherein said apparatus for performing motion compensated prediction
comprises means for selecting an interpolation filter to be used during motion
compensated prediction of a picture block in dependence on the type of motion
compensated prediction used.

15
38. A video decoder comprising an apparatus for performing motion compensated
prediction, wherein said apparatus for performing motion compensated prediction
comprises means for selecting an interpolation filter to be used during motion
compensated prediction of a picture block in dependence on the type of motion

20 compensated prediction used.

25



