CODI NG DYNAM C FI LTERS This application is based on and clains the
benefit of U S. Provisional Patent Application No. 60/348,811, filed
January 14, 2002. 5 Field of the Invention The present invention
relates to notion conpensation in video coding. Mre specifically, the

i nvention concerns a nethod for coding the coefficients of interpolation
filters used to reconstruct inage pixel values in notion conpensated 10
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illusion of notion is created by displaying the franes one after the ot her

at a rel atthgdivgntiesst rate, 30 typically 15 to 30 frames per second. Because
of the relatively fast frame rate, the imge content of consecutive franes
tends to be quite simlar, and thus consecutive franmes contain a

consi der alBfkgp®iiid ofothe TRGHIEGHNt | nf or mati on.

15 Today there are various video coding standards in existence. These include
International Telecommunications Union Telecommunications Standardization Sector
(ITU-T) recommendation H.263, and International Standards Organization (ISO)
Motion Pictures Expert Group (MPEG) standards MPEG-1, MPEG-2 and MPEG-4.
These video coding standards are based on the use of motion compensated prediction-

20  and prediction error coding. Motion compensated prediction is performed by
analyzing and coding motion between successive frames in a video sequence and
reconstructing image blocks using the motion information. The reconstruction of the
image blocks is built utilizing motion interpolation filters that are able to generate
image (pixel) values for the pixel and sub-pixel positions needed. The basic principles

25  of motion compensated prediction and image reconstruction using interpolation filters
is described in greater detail in the following paragraphs.

Digital video sequences, like ordinary motion pictureé recorded on film,
comprise a sequence of still images, often referred to as "frames”. The illusion of
motion is created by displaying the frames one afier the other at a relatively fast rate,

30  typically 15 to 30 frames per second. Because of the relatively fast frame rate, the



Each frame of a digital video sequence conprises an-an-ay of inmage pixels.
In a commonly used digital video format, known as the Quarter Comon

I nterchange 5 Format (QClF), a frame conprises an array of 176 x 144

pi xel s, and thus each frane has 25,344 pixels. Each pixel of the frame is
represented by a certain nunber of bits, which carry information about the
| um nance and/or color content (chrom nance) of the region of the imge
correspondi.ng to th i xel. Co nl sp-call ed.YUV or nodel. i s used
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second is nore than Mps (million bits per second). This data rate is
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applications becauyse of the very | e .storage capacity,. transnissign
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block of 16x16 values representing luminance information, and the two chrominance

components are each represented by one block of 8x8 values representing an area of
25  the image equivalent to that of the 16x16 array of luminance values. The chrominance
components are thus spatially sub-sampled by a factor of 2 in the horizontal and
vertical directions. The resulting assembly of one 16x16 luminance block and two 8x8
chrominance blocks is commonly referred to as a YUV macroblock, or macroblock,
for short. _
30 A QCIF image comprises 11x9 macroblocks. If the luminance blocks and

chrominance blocks are represented with 8 bit resolution (that is by numbers in the
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10 nentioned above, have been devel oped in order to reduce the anount of
information required to represent and transmt video data while retaining
an acceptable imge quality. Each of the previously nentioned video
coding standards is tailored for application in video recording or

transm ssion systens having different 15 characteristics. For exanple, the
| SO MPEG 1 standard is designed speci ficall y for use in situations where
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obj ects or Etg ﬁo%réswhere $ideo data is to be transmitted in real-time over a fixed line network
such as an ISDN (Integrated Services Digital Network) or a conventional PSTN
(Public Service Telephone Network), where the available data transmission
bandwidth is typically in the order of 64kbits/s. In mobile videotelephony, where
25  transmission takes place at least in part over a radio communications link, the |
available bandwidth can be as low as 20kbits/s.
Although the various video coding standards currently in existence are tailored
for use in different situations, the mechanisms they employ in order to reduce the
amount of information to be transmitted have many features in common. In
30  particular, they all work in such a way as to reduce the amount of redundant and

perceptually irrelevant information in a video sequence to be transmitted. There are
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| mage between frames. Franes that are conpressed using notion conpensated
prediction are typically referred to as | NTER-coded or P-franmes, whereas
frames that are conpressed w thout using notion conpensated prediction are
cal l ed I NTRAcoded or I-franmes. A predicted (notion-conpensated,

| NTER- coded) image is rarely 20 precise enough to represent the inage
content with sufficient quality, and therefore a spatially conpressed
prediction er,rO{y gPE) frar];[e | s .al so associated wit h,afach | NTER frame Many
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prediction are typically referred to as INTER-coded or P-frames, whereas frames that
are compressed without using motion compensated prediction are called INTRA-
coded or I-frames. A predicted (motion-compensated, INTER-coded) image is rarely

20  precise enough to represent the image content with sufficient quality, and therefore a
spatially compfessed prediction error (PE) frame is also associated with each INTER
frame. Many video compression schemes can also make use of bi-directionally
predicted frames, which are commonty referred to as B-pictures or B-frames. B-
pictures are inserted between reference or so-called "anchor” picture pairs (1 or P

25  frames) and are predicted from either one or both of the anchor pictures.

The different types of frame that occur in a typical compressed video sequence
are illustrated in Figure 3 of the accompanying drawings. As can be seen from the
figure, the sequence starts with an INTRA or 1 frame 30. In Figure 3, arrows 33
denote the "forward” prediction process by which P-frames 34 are formed. The bi-

30  directional prediction process by which B-frames 36 are formed is denoted by arrows

31a and 31D, respectively.



which is generally one of the previously coded and transmtted franes, for
exanple, the franme i medi ately preceding the current franme, and is

avai l able fromthe Frame 20 Menory 17 of the encoder 10. Mre specifically,
the prediction frame Pn(x,y) is constructed by finding "prediction pixels"
in the reference franme Rn (x,y) which correspond substantially with pixels
inthe current frame. Modtion information, describing the relationship (e.g.

relative | ocatipn, rot.at.ion | e _etc,.) betwee i -S_in.the current
frame and their" toF %@ggﬁﬁ%gggég?e&%Vdﬁe°p‘f°>€’§‘i‘9%£€5%"fﬁ4e‘§$é@é‘?’énce frame is
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pi xel s according to the notion information. In this way, the prediction
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usi ng pi xel; val u in the reference fra The prediction.error frame
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error frame. 5Due to the large nunber of pixels in a frane, it is generally

not effi ci dieck 2, e Dgnaiiplexiaghlooka3and framefMemary #h for each pixel to the
decodern, I nste i 1 vi-deo i . r A IS
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t he segnentgedistidir @ne Mmititifzk the ahivantelinftematibn in £padjdtien et framei nf or mat i on
is typicall rovided for each nmacrobl ock of a frane 10 and the sanme notion
i nf or mat i onEi (& Yhetdsisdhe Gffegamee pptwsen agurantiiame Lo dsinggoded gnd ane

vi deo codi ng standards, such as | TU-T recommendati on H. 26L, currently under
devel opnentprediciiercirant dalx @hnTheeprgilictice arpnframs isthnedefinedg follevaxsh snal | er
bl ock being provided with its own notion information. The notion
information usually takes the formof notion vectors 15[ AX(X,Yy), Ay(X,Y)]

The pais= of nunbers ( A represents the horizontal

verti cegl5 di spl acerre%’f%"@{‘gg"g{’]g)el )b’((écﬁ in the current frame |"(x, 3?PW| th
respect to a pixel in the reference frane R' (x,y). The notion vectors .

[ AX(X,y),Ay(x,y)] are calculated in the Mdtion Field Estinmation block 11
and t he setThfpraditiienfraee tRYasy it buileusing pixal vdluesnd a[réfefdnce Apne) R, (kgy),
referred to as the notion vector 20field. Typically, the location of a
macr obl ock Whichisganealy one gbthemravieusty cedreland; tegsipiitadfzamss, {or cagmpledi nat e

of its uppgfe heh inAiEaY ilcedihBY¥fe clbent f4hAC AR AT RENERE Brame
20  Memory 17 of the encoder 10. More specifically, the prediction frame F,(x,y) is

constructed by finding "prediction pixels” in the reference frame R (x,y) which

correspond substantially with pixels in the current frame. Motion information,
describing the relationship {e.g. relative location, rotation, scale etc.) between pixels
in the current frame and their corresponding prediction pixels in the reference frame is
25  derived and the prediction frame is constructed by moving the prediction pixels
according to the motion information. In this way, the prediction frame is constructed
as an approximate representation of the current frame, using pixel values in the
reference frame. The prediction error frame referred to above therefore represents the
difference betwéen the approximate representation of the current frame provided by

30  the prediction frame and the current frame itself. The basic advantage provided by
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whi ch notion information is associated wth each macrobl ock of a frane,
each notion vector describes the horizontal and vertical displacenent
Ax(x,y) and 25Ay(x,y) of a pixel representing the upper |eft-hand corner of
a macroblock in the current frame /"(x,y) with respect to a pixel in the
upper left-hand corner of a substantially correspondi ng bl ock of prediction:
pi xels in the reference frame R' (X,y) (as shown in Figure 4b).
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frame 30/ 7?" and or exanple,” a square nacro corrprl sl ng

Npi Xel s i n camparat@sly cofripactelefersptiinainhe curking framedan be bhearadd] tacthe weotioh
notion estination is to fi nd an N x_N. pixel bloc n the reference frane
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absol ute difrferences etween the pixels of the macroblock in the 5
current 5frame dhee tohke latgealonsiier pf pedels inn ﬁdmee ntetgema:lg; fistafBciantith whi ch it
is conpared. This process.is known gener bIocE mat chipng”. It should
be noted t Héansmrtﬁe@%ﬁ@maqﬂonﬂﬂ@lﬁ%% qryea P ﬁ’ewah%éfr@o & HBstRad-¢hBYShind t hat
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can undergo sca anges, as well as rotation an wever,

current |ntrﬁ0ﬂim‘tmﬁmaiatmm Mmgadlth@segﬁmmnslammﬂsduwlthaslet:diﬂnereferred to
above, onlyatranslatlfn pot.ion, m?]d a@(gf seeb[?'c) and thus fixed
r ect angul are*g@BieMojiopdnigpatiqn ig iypically proyigded fqreach maggo al@i%ve t he
best _chanceuind Lt ABtich Ghrioh Reeh oket R af B L ARENRERRERBRRN B! d b
searched. However, Is Is inpractical as it iInposes h a

conput at i ormkneb.uddmodmg stdmelandsgdewhen dOUER recbnmn@ddt,wn Hélﬁieaulmd:ntbagid@n is

15generally, restricted to re 0 t he l.ocati on
of the macrds E’Bﬂ’e{“h %‘%P?ﬁﬁéﬂge&)g’é g@ﬁ{%? ke E(jﬁﬁ giéerablo
' being provided with its own motion information.

- The motion information usually takes the form of motion vectors
15 [Ax(x, ), Av(x, y)] . The pair of numbers Ax(x,y) and Ay(x,y) represents the
horizontal and vertical displacements of a pixel (x,y) in the current frame I (x,y)

with respect to a pixel in the reference frame R, (x,y) . The motion vectors
[Ax(x, »), Ay(x, y)] are calculated in the Motion Field Estimation block 11 and the set

of motion vectors of the current frame [Ax(-), Ay())] is referred to as the motion vector

20 field.
Typically, the location of a macroblock in a current video frame is specified by

the (x,y) co-ordinate of its upper left-hand comer. Thus, in a video coding scheme in

which motion information is associated with each macroblock of a frame, each

motion vector describes the horizontal and vertical displacement Ax(x,y) and

25  Ay(x,y) of a pixel representing the upper lefi-hand corner of a2 macroblock in the
current frame 7 (x,y) with respect to a pixel in the upper left-hand comer of 2
substantially corresponding block of prediction pixels in the reference frame R (x,y)

(as shown in Figure 4b).
Motion estimation is a computationally intensive task. Given a reference frame
30 R (x,y) and, for example, a square macroblock comprising N x N pixels in a current
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In order to reduce further the amount of notion information to be
transmtted fromthe encoder 10 to the decoder 20, the notion vector field
is coded in the Motion Field Coding block 12 of the encoder 10, by
representing it with a notion nodel. In 20 this process, the notion vectors
of image segnents are re-expressed using certain predeterm ned functions
or, in other words, the notion vector field is represented with a nodel.
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the amount gf, in”ééﬁrﬁ&’ﬁ%%% ot &fle bfock Wb REhed 0% Rt e Latanmmtion of

t he frane. e’’si noti on no F ans ronal noti on

model whi chirdiR€l8d hieihat tobe thetsameCaakhl-wotd bbjctte cale Gfiddrhe sdaechiBbdsO s
vectors of each segnent. The values of notion_vectors are given by: Ax(x,y)
= at, Ay(x,Y%g! asuptation and werping; Homexendyanrant aematiqnplvidep sedRgendat i on

N T
typically peedieslow)aid thes fs¢d reatangnlangedmetly ipsufficienesol ution or sone
NCeger T At g g Pl ohieh 30l Yt SF ARl o e
reference frame should be searched. However, this is impractical as it imposes too
high a computational burden on the video encoder. Instead, the search region is
15  generally resinicted to a region [-- D, p] around the original location of the macroblock
in the current frame, as shown in Figure 4c.
In order to reduce further the amount of motion information to be transmiited
from the encoder 10 to the decoder 20, the motion vector field is coded in the Motion
Field Coding block 12 of the encoder 18, by representing it with a motion model. In
20  this process, the motion vectors of image segments are re-expressed using certain
predetermined functions or, in other words, the motion vector field is represented with

amodel. Almost all currently used motion vector field models are additive motion

models, complying with the following general formula:

o5 , Ax(x,y) = Z a,fi(x,y) : 2)
M-1
Ay(x,y) = Z bg(x,y) (3)

=0



20The prediction frame P'(x,y) is constructed in the Mtion Conpensated
Prediction block 13 of the encoder 10, and is given by: P" (x, y)= R'[x +
XX(X,y), ¥ +y)](5) 25 In the Prediction Error Coding block 14, the
prediction error frame En(x,y) is typically conpressed by representing it
as a finite series (transform of sone 2-dinensional functions. For
exanpl e, a 2-dinensional D screte Cosine Transform (DCT) can be used. The

coded bef ordh %rfﬁ'éi'aefi@sﬁ%éﬁ%t ‘ﬁaﬁ”otshtz%%ﬂ?ﬂ GebREFo P Rtenf e rarwmrﬁ?é{éﬁhm 1in
Fi |

oper at i on dBadreyerRE AR Rt aall e T E. BnHPE AR s n the
predi ction rﬁﬁt&{ ;4168985 Fc(:?éno%ﬁ E&ta?gﬂﬂéﬁﬁgétﬁée dén*&bz?%%ﬂrd%%gﬂ‘ek o the

encoder 10 al'so conprises a I on re a

decoded pr %x'n%‘te“r‘ﬁbtﬁfnéf:{ x}/ APOCPNah el Hstﬂﬂéa%sﬁ ptransform
eco cﬂjﬁo@

coefficient This locally en- or rarm|s ed to the

predi ct ison (foreﬁfﬂi‘ed?s ar(cP‘thh’baslié’ﬁﬂﬂd@ﬁs J&s R baib PurlcEishs &ﬂerkﬁodm@@ﬁﬁk igurrent
frame -i."(X,y) is stored in the Frane Memory 17 for further use as the

next ref er estered imdeth tRe enqod(ex 19pﬂ¢ﬁ@ deﬁf’@rriﬁ; mdm tha metion coeffeieyts nged

i nformati or} %bceut t he | on v h i.nf ormati qn about

the predi ot oS tahrbiea 1P eRRodRE @b st A mRanE s dbdne Bo ety

cont ai ni ng ky@gmkﬁmaﬁoﬂ @mmlbﬁwtﬁa@m&pes of information is sent to the
decoder 20. The operation of a corresponding video decoder 20 wi |l now be
descri bed. The BW@PW@@?‘}OQmO@?i 1§ He trpsslstiapal paptigngpedel avhig i%'mﬁl y

reconstpuct X,y) is
construct ecfﬁﬂ)ﬁg‘?% ?@%? ér?%ﬁﬁ%@t %W‘Gﬂc}z{}?gﬁé%ﬂ %h% ﬁgy‘ﬁ i(coder 20
accordi ng tmofisiiedctarnale, givigi g recei ved notion coefficient infornmation and

pi xel values of the previously reconstructed reference frame R' (x, YY)
The transmitted transform coefficients of the

AX(I,y) = aﬂ
Ay(x:y) = bO (4)

15  This is the model used in ITU-T recommendation H.263 and ISO standards MPEG-1,
MPEG-2, MPEG-4 to describe the motion of 16x16 and 8x8 pixel blocks. Systems
which use a translational motion model typically perform motion estimation at full
pixel resolution or some integer fraction of full pixel resolution, for example at half or
one quarter pixel resolution.

20 The prediction frame F,(x,¥) is constructed in the Motion Compensated

Prediction block 13 of the encoder 10, and is given by:

P,(x,3) = R, [x+ Ax(x, ),y + Ay(x, )] Q)

25  In the Prediction Error Coding block 14, the prediction error frame E, (x,y) is

typically compressed by representing it as a finite series (transform) of some 2-
dimensional functions. For example, a 2-dimensional Discrete Cosine Transform
(DCT) can be used. The transform coefficients are quantized and entropy (for

example Huffman) coded before they are transmitted to the decoder (information

8



prediction en-or franme E y) are used in the Prediction Error Decodi ng bl ock
22 to 20 construct the decoded prediction en-or frame En(x,y). The pixels
of the decoded current frame 7"(x,y) are then reconstructed by addi ng the
prediction frane P" (x,y) and the decoded prediction en-or frane -E(Xx,y) :
-fU(x,y) = P(x, y)+ (x, y) = R"Ex + x(X, y), y +Xy(x, y)1+ "(x, y). 25(6)
Thi s decoded current frame may be stored in the Frame Menory 24 as the next
reference f : eSS Erimtd Relal nsat ed
encodi ng ar?g‘é%gc]o iﬁ%‘)r%si‘l zcii?dglz'ggle%‘}%ggtpr esgﬁgg%gggg%@ﬁ%&%ﬁgg% vect or

[ AX- (X, Yy), ofglationypjaligesedichs agné Hegraddtionr(last ofinfarmmatiohpitkihe predivgionur r ent
frame with respect to the reference frame R(X,y) can point to any of the

pi xel s in toRET fiaper Edaey ) remeompaisatefonthes dagzadation.itbpenrodecthalen f r anes of a
digital video sequence can only be represented at a resol ution determ ned
by the i mad8MHRe %PFEH'CE’H%EFEO&#?C?@% ickdd. pihere grdseaded wediclion 8%  Real
noti on, arbitrary precision,_ and tlt%'{és the _system descri bed

h ~
above céno Fﬂ\ﬁgeﬁr gr"ggs')d§ coppirsksdasing ths densiony corttickatsrotnblocaiby deseded

i f f digital i . Typi [l P f
successtve LANER Bl sl o P REE B 55 bR B0 ©

fficientl t |1 fficient mni.m i f th iGti

orror () RS AEbied el RATEL. (K vh Seth iR TP RE R GROD LAHE e of o .
to enable nopre &ccur tﬁ nnd?{ling%o{{r al notion and to hel p reduce the
amount of PESPHFOMTaL Rt RAP ™ M ust Bert r ansmitted from encoder to decoder,

i d di _ i : ,
hage pi el o [T ifoBAR el 2¥hihl BRI bohOnBdton veORAETET. )

r esol uttiton.cofiblirpdi with mfdrimatiou @bomwirthe predivdive estobimpnuitiplexes b6 whd an adds to

t he conpl exi{.s%pof. t he encodi ng. and dg@odi ng gperations that nust be

per f or med, '8YTRatGTsstesam 3 copigRmedyRIsaly plderst Hiqse Fre Dipsgy PERTImalipn s a

resol uti on @niBihddecy8&iey My have. Thus, video coding standards, such as
t hose previously nentioned, typically only allow notion vectors to have
fiill-, half- odrhe2@gutionef agoreipondmglviddootecoder 20 willtriognbeddscribed. on wi t'h

b- pi xel Lyt i be inpl t t Wo- St ,
T ubtrated i n e aRRR ey A T Boghel 2R fereR s AoRORL ROt deo codi ng
scheme qign W@feﬁéﬁcg‘ﬁtahﬁm,}/(%?}p%erﬁé’dim&?ﬁﬁﬂé|P,,(JQ5? h,aéohstlmefﬁ in"tRSRlgkbhon. I n

the first step, a notion vector having full-pixel resolution is determ ned
usi ng an appomymnisattd Prediction block 21 of the decoder 20 according to Equation 5, using

received motion coefficient information and pixel values of the previously

reconstructed reference frame R _(x,y). The transmitted transform coefficients of the

prediction error frame E,(x,y) are used in the Prediction Error Decoding block 22 to

20  construct the decoded prediction error frame E,, (x,y). The pixels of the decoded

current frame };(x, y) are then reconstructed by adding the prediction frame P (x,y)

and the decoded prediction error frame E,,(x,y) :

T,(69) = B,(x, )+ E, (6, 3) = R [x + Bx(x, ), y + By(x, |+ E, (x, ).
25 (6)

This decoded current frame may be stored in the Frame Memory 24 as the next

reference frame R, (x,y).



25 notion estimtion schene, such as the bl ock-matchi ng process descri bed
above. The resulting notion vector, having full-pixel resolution is shown

in Figure 5. In the second stage, the notion vector determned in the
first stage is refined to obtain the desired hal f-pixel resolution. In the
exanple illustrated in Figure 5 this is done by form ng ei ght new search

bl ocks of 16 x 16 pixels, the location of the top-left 30 corner of each
DS e S il B R e BB L

t b : ) el _ el :
b wel's ar e Tac e BEPE e FPof Jeall RIS L BEUEBR kol e " 0°

values) of figersbReiinihk Sufr6siFiniowah ré@lea-teim%e;leféraﬁ,?tﬂa%bszzaﬁe,ﬁ%sﬁ mat ed

for each of the eight new search bl ocks, using some form of "i nterpol ation

scheme. SHabimgo iy 6f he pdlcfdntiheref@b@strahe tTes Sebngahxahstial bdrakén pi xel
resol ution, each of the eight search bl ocks is conpared with the macrobl ock
whose Bt i diemescaf grdigital fdepgequsnghean @y bg represeplegak a pesolnionglckrminess
perfornmed i t ek i the ' ' | Qi xel
resol uti on,&'ttﬁé%n%%erpgﬁggi: é]?‘s?%@]c? (grc edé dvmﬂlp ngaaéggoéqﬂoﬁlﬂ'eﬁg%]dﬁ&@éar ch bl ocks

accordi ng thpv&esE had arbRrarpprecisin, exdthink thesySdb dAsriBed sttt ta0bnid0 t he
conparisons, a mnimm SAD value wi Il generally be obtai hed. Dependi ng on
t he nat ur e RIPVidparpisximpie medellag of hegnaliquisiwecn suspessivedTamanol aldigitalay

cor 1 espond Jifed DG RECHA0ISPRRIEE o ¥ndudf LRLK G Ao TR AN E R PSix b2V N0
full -pixel resolution),”or rt nmay correspond to a location having a

hal f - pitoel resdotien is @ot sufficientiy dccumtptassidw efficientalismizatienwididyrediatiopt | on
vector should point to a full-pixel or sub-pixel |ocation, 15and if

sub- pi xel reé%!(ﬁﬂ Bfprmatigp prsgpiaiedreth Ff@d@e%?‘ﬁp%mt %@nf&_&ﬂ%@rcswo- pi xel
resol uti on JRbicafort SEdite modellinbREAThMESY arkiiE nEB bRl Rlabuf T PI el
value in the reference frane 1s pertformed by interpolating the value of the
sub- pi xel finfommstion Gatohiustdepravsnitieal foes entoleg éndecalicr, mahg vptebabdimg of a

S B S s SRR S5 Sl o ™
T:E Ee?‘;i;Si Cahé Ynoidn vEcidlsThn hibve YehbTixdr fesblftin Katliowitg fblort vEot&is 1d hate K
sub-pixel resolution adds to the complexity of the encoding and decoding operations
that must be performed, so it is stiil advantageous to limit the degree of spatial
resolution a motion vector may have. Thus, video coding standards, such as those
previously mentioned, typically only allow motion vectors to have full-, half- or
20  quarter-pixel resohution.

Motion estimation with sub-pixel resolution can be implemented as a two-stage
process, as illustrated in an exemplary fashion in Figure 5, for a generic video coding
scheme in which motion vectors may have full- or half-pixel resolution. In the first
step, a motion vector having full-pixel resolution is determined using an appropriate

25  motion estimation scheme, such as the block-matching process described above. The
resulting motion vector, having full-pixel resolution is shown in Figure 5.

" In the second stage, the motion vector determined in the first stage is refined to
obtain the desired half-pixel resolution. In the example illustrated in Figure 5, this is
done by forming eight new search blocks of 16 x 16 pixels, the location of the top-left

30  comer of each block being marked with an X in Figure 5. These locations are denoted

as [Ax +mf2, Ay + nf2], where m and n can take the values -1, 0 and +1, but cannot
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25 where f(k,l) are filter coefficients and n and in are obtained by
truncating x and y, respectively, to integer values. Typically, the filter
coefficients are dependent on the x and y val ues and the interpol ation
filters are usually so-called "separable filters", in which case sub-pixe
value F(x,y) can be calculated as follows: K=IK=1 F(x, y)=f (k + K) f (I +
KYF(n + k, m + I)(8) The notion vectors are calculated in the encoder. Once
the corres ondln tion.coefficjent [

S. a transmtted to the decoder, it
a 'strai ght e PEBILBE RIS SR Pt Ao RFR S hy an
i nterpol at 'tﬂé‘vﬂﬁém&l' éxgﬁlﬁié ﬁ%lnﬁﬂcéﬁ?ﬁ%r‘éﬁﬁﬂm&lﬂn&%hﬁg}:@ﬂﬁé suth ﬁlx%i'&' S way, a

frame followmng a referencée frane in the Frane Menory 24, can
r econst r uctresidihganhalfipixebloenigonsené esimeatechfvr eheh ofr thasight ved seanth blnclosect ors.
Conventional |y, the.interpol a]tél on filters used in video encoders and

decoders eMsiyomedenn f ItgpoRyer FieMént val ues and the same filter (i.e.,

the sang type qiavf;ﬁg_l,ﬁ] fpdiRcWitdvAIiG sTaREsu- ;_lnsc@xrs a@ﬁﬁffﬂx@,] %@éluﬁ@x’l uasl of s used
for all franes a vi deo sequence being coded. The same filter is further

used for althe mlghmasmqmmksesc;omparedsweibtlhwmaqbbld@b|Wh0ﬁams|>tlen andohisw t hey
wer e acquired (ca ured ‘H‘g‘“ aptlve | nt ol.atio Lter for, Motion
Conpensar e b BIAa b e dtpoighac BB st BT eah Bl g aanshs))’
Seoul , Kor %ﬁmm%%clor%%lﬂun ﬁﬁ&le&lhﬁ]euﬁfcreélobmfs%ﬁ@hﬁrdwm Edchtofiise Wi th
15 adaptl ve filter coefficient values, in order to conpensate for certain

shor t coni ngsglitsearbieblockieascontingity qsmmﬁsnon,rfomamp&m SAD. \ﬁ%@la r@éb@if i bes how
al i asi the image acquisiti cess, the.f res nof al | oned
not | onqgecao‘?go S?’ﬁ% aFQWFPBW%P ﬁ{eﬁm ePWérllly:l’gﬁ’éf e% aqpe ngﬂ nodel
i ntroduce aﬁéhﬁthm thOFREbA i M2 eddotieguendt] AR rﬂﬂumﬂmalalldedﬁﬁ)y tarR@pod | ses
due to the use of non-ideal lowpass filters (and 20 conse%éent

non-f ul fi| rtethe loratianespryidied by tlgamnﬂgnqmb\re@tﬁy (haying ik piaglaresplufiond t i on
equence AFPRE S RbRE D LRchih SRR RAT B PIRGNSLS Ol M fbckife 6] Mo

on error to

finite precetdriin®whéther aaxhbﬁmdedt@;tsh@mdv;ﬁﬁﬁmba faR-pikel of sub-piRkMetationne- hal f
pi xel , or one-quarter pixel) and the ability of the trans]ational_ nption
nmodel t1§ r e@flég - Pigel psoliony isgparopriate, to detérmine the correct sub- -pixel resolution

motion vector.
In practice, the estimation of a sub-pixel value in the reference frame 1s
performed by interpolating the value of the sub-pixel from surrounding pixel vahes.
In general, interpolation of a sub-pixel value F¢x,y) sitnated at a non-integer location
20 (x, ¥} = (n+Ax, m+Ay), can be formulated as a two-dimensional operation,

represented mathematically as:

K=1 L=l

FOo,yy= Y. > f(k+K,I+L)F(n+k,m+I) )

k=—K I=~L

25  where f{k,I) are filter coefficients and # and m are obtained by truncating x and y,
respectively, to integer values. Typically, the filter coefficients are dependent on the x
and y values and the interpolation filters are usually so-called "separable filters", in

which case sub-pixel value F(x,y) can be calculated as follows:
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25 and vertical translational novenent between successive video franes al so
give rise to additional prediction error contributions. Wedi further
proposes that an inprovenent in coding efficiency can be achi eved by
adapting the filter coefficient values of an interpolation filter to
conpensate for the additional prediction errors introduced by aliasing,
finite notion vector precision and |imted validity of the translati onal

notion 30 nodel . My e genergl |y, it should be appreciated that since
t he nature and cha r Qfx ti @};l,ﬁ§ n a video seqpgn
t he optimal interpol afl onsz)(ﬁer v)t fe(smrasﬁﬁ( functi ojn of tinme and @a

| ocati on. Wedi presents an exanpl e in which an interpolation filter vmth
dynam cal |y adaptlve filter coefficient values is integrated 5into the

11.26L vid codec, npre c f] rsign of that,. codec defined b
Tost Noder T0sfiroton veliors ar® BRici s gl ercnlen Dbt Bt et RUimaTt s veos or

resol uti on i Rl £ORAndMAG tmerde.%c@}hpﬁ a@h’ai@'ﬁfo%érﬁ rﬁéﬁ%rwmiﬁfaé]hfé filter
coefficients (6-tap filter). The exanple presen in Wedi proposes

adapt i ng t liee eqbiret subgekéls vsisg b iErpohgion meathqbidanticmh td ihlat eged amthe

frame- byfra si,s, diff rent| cod e filt efficients and
raneni 311 KRB O5¢ P HEREACYTGuhe et ateh e AT Brma R 2 deo
data. A prepobdlechAdrt@TrdMiif RRIEQRGTANEMJHE @ ahfniied hitdRnlReiopse of
interpolation filters with dynam cally adaptive filter coefficient val ues

in Test Mvdel €opbentipnally, zmlnwruebtm@ﬂétcxs uwdm‘néewnmémsedd decadaes | TU -

Tel ecomruni ca n n_Sect.or ent | Ve, I r pol ati on
Filter for “HP %@’ egt%tﬂ}ger &eg%wﬂ tgst‘“"arge k’éer(‘ij/eclé}b ‘E@E‘g Ft s G oup
(‘VCEQ) 10dosuimse séf%ﬁrtéi?&eﬁ&ﬁéxﬁmaﬂr dﬁi@@.&ecaml all Pﬂw&smawﬁd@ s@@ue‘h@@pt ive
Interpolation Filter for H 26L" Stu G oup 16, Question 6, Video Coding

Experts G beq@g(cvdﬂ;)Thea@@a wlst IS\fEEGrl‘BFQ formékﬁéﬂqums ITREPege of
dynami cal | ¥ht$ﬂx?a%1’e\éxgd 'h@ Q%%te zﬁ:ﬂu{r&k {]%RHJ Sﬁéd Rrretlﬁt@{po'lé%ﬂe 20

relating to ICI enc e encoded VI ata stream and al so

has an ef f @fterdor Mhaoﬁﬂompeﬁmd H?M@V@deot(t‘t&hﬁglbeﬁﬁd'e‘ﬂcﬂﬁfg Shahposiubne | ssue
of coding efflcbgb}% can _be understood in a straightforward nmanner. In a
12

vi deo codi FBC8y Mels Kenepl opal 20 1) mrepgsst Qlel%ﬁof ptergelatian filtgrsyithe
filter goeff ;ﬁiv%pﬂ oY Bodifitie #\h:a‘iﬁ% insoxjaPr t'&%%ﬂ]ﬁteﬂ%a't@ﬁlrB%galgggg(/%%ggé%a' on

relatlngtot ter Coerticlent values I e enc ta
bi t - st r eamthelided cdding prwoedsf hmwutulmalmsdmnb-myhismgmahﬁ geapei N t he
vi deo encoder .and vi deo algc der. ILn.other words,.in a vide di. n system

i npl ement e&C%E‘HPHPFfﬁeiso H’é‘ietrPquFté?“ Hoyyed et i eetoRyy F FBnpi oys

fixed int enpRERF bORe biahd1Shal 180k A&Idel G‘h‘%ﬂﬁcé’ﬂdﬂﬁﬁla%r%dm@n RFGQr anuned
into both encoder and decoder according to the specifications of the

st andard. Hdwsingrin awﬁded»ymagc easdsyluadiafitciuse of0on-ideat lopopdss ifidiers(psd ar e
alloved, 1t R RIR hon AR 2 of Re NyGRRI S dmpi B in BE Bhiged O
| acquisition process. Aliasing disturbs motion compensated prediction within the video
sequence and gives rise to an additional prediction error component. The finite
precision of the allowed motion vectors (e.g., full-pixel, one-half pixel, or one-quarter
pixel) and the ability of the translational motion mode! to represent only horizontal
25  and vertical translational movement between successive video frames also give rise to
additional prediction error contributions. Wedi further proposes that an improvement
in coding efficiency can be achieved by adapting the filter coefficient values of an
interpolation filter to compensate for the additional prediction errors introduced by
aliasing, finite motion vector precision and limited validity of the translational motion

30 model.
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the coefficient values. As the filter coefficients are periodically updated
(e.g. on a frame-by-frame basis), this necessarily adds to the anount of
information to be sent fromthe video encoder to the decoder and has a

del eterious effect on coding efficiency. In low bit-rate video codi ng
applications, any increase in the anount of information to be transmtted
is generally undesirable. 5Thus, in order to optinally nodel and conpensate

tion, fficient t at | f .the,d ic o tion filt i
nocded  C Redldgtralf Sl b B hF o APk e P EE PR Bradlensngt 1 pe. ©
way in whi G dthefidRidre ifRieotsBgueefthe 6p@RbSinRipAabimdrGakkyayari abl e

interpolation filter is transmtted fromencoder to decoder may affect the
suscept i bi Ifimgpopfof time apddeeged dication H#edi prasents yse@mpds movkichkbr e

specifically, in a video.codi ng.systemth enpl Qys am.cal | aptive

P o1 pol at i Aer S bR GlS R e sk e el VAR Sl
sequencs atintohpe HeXPABHed SodeB] hmartspeaifieMY, ed vérgieR B iRhcaRd dfsarbpg of the
filter coefficient values. If the infornmation relating to the coefficient

val ues is Slebf Motdelt{@Mr)rbTMLr4 oigl 268 usedaont-guirta-pixd madivwowetort o decoder ,
corruption of ,the rec tructed 15 video.data., s |ikely. There e three
ways of codPRRATRA Vit surr peTalt ST S g e pBS Beficfni T
to entropy éﬁ@é}?ﬁhé}? The! dx@mploskldntd BRtWYRIpreSoseERRPBREINE filfdd RoSMECRAL IS to
entropy code the filter coefficient values differentially with respect to

filter coefdfithdatereolaionfiliaama evedydrane besis diffrepidlysodmgithe ek ) and
the thipd is .defi a set. of, filters and codeg t I nde f the selected
i1t er 020 FRet i ilirhabflin b k) B e BpieneR08s bl pRa e 8

i nterpol at ivadeo datd. €A pesyRbEhl Kusebis thiggppreath watdaddievscludd thedy f pr obl ens
associated wwth them.in different usage scenarios, The first _nethod, in

whi ch t he iintemoisiontfilisss withdypamsisally p ediligr eocfBeient whinsinTestyMeddler s

! nferi or. C%j%fﬂﬂe He’féfLQ\%lﬁ@tpS dec.sl g?s u{)xtesé}f?&fin%% I'Hfli—gicgago n?cap{)tjé) ri .
information (i.e., 1Tnfornmation abo previously coded 1T nterpolation filter
25 coef fi ciSimidavditation)Secibitieatidad " ddajtiveiategpeintbon Bilpar fop $1.261."USwddyy | ar ge
anount of information to be_ added _to_the encoded video bit-streamin order

to desdPi b HoRR 10r(RussHEn & VigrorG oding Expats Groupdl CFéDueecumsnf MEEGNZ)
coding of iRt bbet srmt%PesR%ggggﬁggaat)ﬂvé’ﬁ@éxgomﬁo@ﬁuefhﬁﬁ&.aﬁﬁusm y not

be used in environnent wth ransm Ssion errors, since t
filter -coefioopdhs Quebtipa 6d Vadeodoedieg Expeatodroug (VCEEY; dommcaOViUR(er

coeffici ent(i AsN revi O'ﬂ described, if the encoded video bit-streamis
16e e N B grates SPpL

subj ect to transm ssi.on from encoder to decoder,
corruption of thg yde@yd@tidally adaptive interpolation filters raises an important issue

20  relating to the coding efficiency of the encoded video data stream and also has an
effect on the error resilience of the encoded video data. The issue of coding
efficiency can be understood in a straightforward manner. In a video coding system
that employs an interpolation filter having fixed filter coefficient values, there is no
need to include any information relating to the filter coefficient values in the encoded

25  wideo data bit-stream. The filter coefficient values can simply be recorded in the video
encoder and video decoder. In other words, in a video coding system implemented
according to a particular video coding standard that employs fixed interpolation
filters, the coefficient values are pre-programmed into both encoder and decoder
according to the specifications of the standard. However, if dynamicaily adaptive

30  filter coefficients are allowed, it becomes necessary to transmit information relating to

the coefficient values. As the filter coefficients are periodically updated (e.g. on a
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reconstructed at the decoder is likely to occur. The third prior art
solution with a predefined set of filters provides only limted
alternatives and thus degrades the coding performance. In other words, this
option cannot achieve the full advantages of using interpolation filters

wi th dynam cally adaptive filter coefficient values, as set 5 out in Wdi.
Thus, it should be appreciated that there is a need for a nethod of coding

th fficient | f. adapti I, nt | ati filt that, i.s both
efficient ARPCBEUAREPAPOaIE BoursraEly a1da IR PROPHST SPEPGRIRIESRe of the
encoded Vi 4gQy Bidviddd §RBler kO (RUAEIBAY £ Hab 8 deRY&uk @fFect on codi}e Present

i nvention conbines the good coding efficiency of differential coding with
error resi ldfecendyedn lovebitahkieondavgcading appheatimedan ynaichseanvyhe amownito. 1t i s

therefore particularly suited for i enentati.on in a video coding system
for use in‘@%?t‘%@%tww}tmﬁéﬁ?’%ﬁr Yindssuphife where an encoded vi deo

bit-strgamis t@,R6nbridiGBShANFHoA¥RIMd ohffthat & AIFIURA] fAdiheRat | | nk subj ect
to interference. Thus, according to the first aspect of the present

i nventi on, relblemltziti;mmfdwcum’dm me¢rholdtioh filtesoslihemgleitmages in a digital video
sequence for providjing encoded vide a, wherein,t di gi.tal . yi deo
seguence corrplroi Har Wéﬁ%ﬁerﬁfe’Uisg%'ggﬁ’Fé’HB@?]agegghatfqﬁ%WégH?N’b‘?%‘ a
plurality qffpi%6bn MhtEs codfiitiddies el ibﬂ%ﬁa‘i’flabﬁtih&]ﬁﬁ]éﬁ&n?ﬁ}téﬁéli ng a 20

plurality of coefficients represented by a plurality of coefficient values
i s used f ortransmatesitfrans thovget toedegpstieri mapbiient thersusceptibiny of theaiideodlagd toal

vi deo ygauence fromthe coded.yiaﬂ@o. data. The nethod,is characterized by
codi ng 1Phe EHSFTRREHEN, Heeresivalls i eise cadipe oD A BPDE; ent i al |y
With res pe(‘dynh@li(ﬁll? @&ifive iferpoaaRnifilldre lcofrectfredoisBu@Rin oifa flirhé 6f £ideo

val ues, and 25adapting said set of difference values in the encoded video
dat a so t hateqeense pelhe decadgeisirehanfontceaep ieedptipn land desasingaldhe diffesai d set of

di fference Vai‘ﬁ" f& valu?sl. Vlgﬁge}/i%g(}é'ﬁ'%%g}ei' ?é%l?n%{aﬁpg Qgé}ﬂglgnt\/%a%e% ig &l eét R | udi ng

coerficien
encoded valU8&s |ﬂﬁ|ca erence val ues,”and said set of

di ff erence atadrdasng &s aishefsion Gdatenroliare deeddeg dohapaon bf & rédodsintdied Vi deo
encoder to the video decoder. 30Advant ageously, the predefined base filter

has a gPur ayifiea,dass isdikeby Thersrire thies MY Alaodens the Mipseqelligipyis kpowp &M o t he
coeffici entpﬁ’o@'aﬂ.ei’he?ﬁrsi % 'eﬂﬁgﬁ)p%(%tthg Bkt LdeBficient values separately. The

second is to entropy code the filter coefficient values differentially with respect to
filter coefficients of already decoded filters (as proposed in Wedi) and the third is to
define a set of filters and code the index of the selected filter.

20 The prior art solutions that could be used for coding interpolation filter
coefficients, as mentioned above, all have problems associated with them in different
usage scenarios. The first method, in which the interpolation filter coefficients are
coded separately offers inferior coding performance, since it does not utilise any a
priori information (i.e., information about previously coded interpolation filter

25  coefficient values). This approach therefore requires an unduly large amount of
information to be added to the encoded video bit-stream in order to describe the
interpolation filter coefficient values. Differential coding of the coefficients, as
proposed in Wedi, is efficient, but may not be used in an environment with possible
transmission errors, since the filter coefficients depend on correct decoding of earlier

30 filter coefficients. As previously described, if the encoded video bit-stream is subject

to error during its transmission from encoder to decoder, corruption of the video data
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Advant ageously, the coefficients of the interpolation filter are selected
for interpolation of pixel values in a selected i nage segnent.

Advant ageously, the predefined base filter has fixed coefficient val ues.
Advant ageously, the predefined base filter has a plurality of coefficients
adapted to the statistics of the video sequence. Preferably, the
interpolation filter is symretrical such that only half the filter

coefficients are : . -Adv eo . C fE] al ues of
Che. | nt er pBRARMEIRT 1o degpderds HEHY AR bEHEE T B hird P ecdfiriVlen 5,
coeffici en?réd@hh'&i §e® oRfi1t@S brea@islonty Bifited alter@ativeadnt Hisusaiptalien thkOor der i s
different fromthe spatial order of said coefficients. Advant ageouslfy, t he

sum of t hecedag bexfommnce.dn weer yordh Ehis gpeepeimapt awigve the full advapiages o
Advant ageous.

- the. p fi £l ] ffici
vl s, antont ighaPie el BTh Tl SO e PR aRlsacel e

pr edef i medohpsavbdil ter so 15 as to reduce the anplitude of differences
bet ween the coefficient values of the interpolation filter and the
coeffici ent vallhws, ibshoukibeappemsiatekthabthsee 15janeed for a methodef sedingfiet o t he

second as pecéfgge& Dﬁu&roﬁﬁg tti\jer}%)/t%}r%oilﬁ?dn dt:ilaegg ﬁ’nail %} ﬁ%)'i]?gfﬁ%?egllt grlu%/ g?&%o? ncoder,

whi ch coinP ans enco I'mages Tn a Vi deo

sequence hgeddng detcsiBhtion 6:eheferdd rasilitere bf BivRacddyd Wdavbitstgmencoded vi deo
data indicative of the video sequence, each franme of the video sequence

conprising a plurality of pixel values, and means for defining an

i nterp’%at i§?1r1]m];:ia| girtht%vé'anzog‘nstructi ng the pixel values in a franme of said
di gi tal "vi dedo sequence I n a decodi ng process, wherein the interpolation
p

filter has a nuriiepréknciaeddtioniconibingsahe gsehdotithgdsffiaiepty obdiffeyencbl
coefficient values. 25 The video encoder .i s characterizedng¥ ) nmeans,
r esponsi ve cpgingrath srarpalientfeatures pHewingrblo kegipd i ey IpieateHde bet ween

the coeffi Qﬁ&%ryﬁirﬂaﬁm@}sﬁgéqugf; @@éﬁ@h@ﬁ&&{h Jirihwrr«,]%cﬁﬂgsﬁstaﬁ edafdened base

filter for providing a set erence val ues, a means for
adapti ng sanor padnechvidbrithans feeexaalplewhere anleacedwiodded mi-deeandatta bso 30 t hat

Lhe T egenSiruction of 1 he Lk WALUSS i) Lecieatia,pLocess 1o based or

Thus, according to the first aspect of the present invention, there is provided a
method of encoding images in a digital video sequence for providing encoded video
data, wherein the digital video sequence comprises a sequence of video frames, each
frame having a plurality of pixel values, and wherein an interpolation filter having a

20  plurality of coefficients represented by a plurality of coefficient values is used for
reconstructing the pixel values in a frame of said digital video sequence from the
encoded video data. The method is characterized by

coding the coefficient values of the interpolation filter differentially with
respect to a predefined base filter to form a set of difference values, and

25 adapting said set of difference values in the encoded video data so that the
reconstruction of the pixel values is based on said set of difference values.

Advantageously, the encoded video data including encoded values indicative
of said set of difference values, and said set of difference values is entropy coded
before being transmitted from the video encoder to the video decoder.

30 Advantageously, the predefined base filter has a plurality of coefficients

having values statistically similar to the coefficient values of the interpolation filter.
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Advant ageously, the encoder conprises nmeans for entropy coding said set of
di fference val ues before adapting said set of difference values in the
encoded video data. According to the third aspect of the present invention,
there is provided a 5 nethod of decoding video data indicative of a digital
vi deo sequence conprising a sequence of video frames, each frame of the

vi deo sequence conprising a plurality of pixel values wherei n an

interpolation filter having a plyralit f .coef ntsre es ted by a
plurality of coédrepgmusalhiese ?‘fﬁ’é%éf‘?‘&’m?@& QP et i‘rﬁg“giew@g val ues

| a frane gty salidy 67 ShiAbaddsa SRENATHGe: Jadit hod |5 char act et zed. by

10retrieving fromthe vid a set erence val ues, said set of
di fference val u@ﬁivamdgaﬂmiyymeqn‘re@eﬁileﬂbeseeﬁm Hoe fined codffienioafidsci ent val ues

of the interpol tlonfllter and base filter
constructing a pplagequsiy: Be iy H‘egg ré’é‘ﬁ a(?wrﬁ]l"ﬁ'foél‘:%‘?’fgéleﬁgl ues and

t he pre?efl c?@%ﬁe&hhét%ofﬂ%dw&éfgegﬁ&%ewm' ng of the pixel val ues based

on the furt dvant ageously, the predefined base filter has
a plurality of Posftfably, Gretisterppatesefiteds bymmepical aich that onlydwdf the diltent

val ues, and the. construction of further filter is carried out by summ ng
sai d set of© ‘FFBPSé‘ﬁ?:%OQFQI ues wWith the coefficient values of the predefined

base filter. Q%grﬂ%g%ﬁ 145 Ine co%ﬁicﬁ'exﬁ%hféfs ofliHef xﬁtreﬁimlo\ﬁht&are c%dé@hf:& eved

fromthe video t'fopy decodi ng. According to fourth
aspect of tch&a:pmakae;ﬁomm\[m!tao@ﬁjcwﬂtenahlate agasyepefBidieat valul@@ndémam whi ch

corrprl el v eo dat.a bit-stream the received
Vi deo ta"llr ”%‘%%U"@t jpmtt ﬂgﬁ‘?t’caaf’@?r BE?'ggﬂ%gﬁ’c?gtsconprl sing a sequence of

25 video franes,aRaff é&@rgemefsuhbsfﬂab%@fffe&weﬂﬁ@s SARPIrit&hOBtian Blerig! ity of
pi xel val ues. The V|deo dééoder is characterized by: nmeans for retrieving a

set of dif ffeiﬁ_dnce vaI ues fromthe bit-stream means for constructing
o Lo POl OOt R SR RO FREER PR e pridhnet o
frame of thgd \éicdﬁ'ﬁarﬁ%liﬁrﬁ &dded to the coeffi ment values of the predefined base filter so
15  asto reduce the amplitude of differences between the coefficient values of the
interpolation filter and the coefficient values of the predefined base filter.
According to the second aspect of the present invention, there is provided a
video encoder, which comprises:
means for encoding images in a digital video sequence having a sequence of
20  video frames for providing encoded video data indicative of the video sequence, each
frame of the video sequence comprising a plurality of pixel values, and
means for defining an interpolation filter for reconstructing the pixel values in
a frame of said digital video sequence in a decoding process, wherein the interpolation
filter has a number of coefficients represented by a plurality of coefficient values.
25  The video encoder 1s characterized by
means, responsive to the interpolation filter, for computing a difference
between the coefficient values of said interpolation filter and a predefined base filter
for providing a set of difference values, and
means for adapting said set of difference values in the encoded video data so
30 that the reconstruction of the pixel values in the decoding process is based on said set

of difference values.
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based on the interpolation filter and the received video dat a.

Advant ageousl y, the video decoder al so has neans for summ ng said set of
difference values with the further coefficient values of the predefined
base filter for constructing the interpolation filter, and means for
entropy decoding said set of difference values fromthe bit-stream
5According to the fifth aspect of the present invention, there is provided

Y oS AT SO RS AL EE0AR ol 200 RSO g} TR0

in a digital video seguencé ha sequence of vide ovi di ng

encoded vi dterélafeaalurs Beford adipligaBAilRE] ¢Ratiffwened vilhe iikieencogeneiaeg, each
frame of the video sequence conprising a plurality of pixel 10 val ues, the

encoder ha#lftdg means for defining an interpolation filter for

reconstructing Efﬂgor%iin etlo tl\ilg{hlill%sa[shegct ¢ qﬁeﬁ%g?eg{ in%%rin?(mq Itﬂge:ré %LPSVX\Z{%%‘? il sequence

in a decodi ng process,” wherern nte I'on rality of

filter Soefdetidestidecéding erleoiden ibdicatig offaditliyf vadeoteghdrce icempsisinglaues, and
a decoder for recejving the encoded video data in the bit-streamfor 15
r econst r uc 6¢qvgnes Rl idsoelramey, gach frame of thgrvidest seghenceicgeprisiagaaiealibreft he

d di T I . | |- h ' | h h
encoder f uPERC e ARl £ 8 RaTbAROT KRRl ERAFRL SLo AR o hot ween

to the int eqppedented by o plhatity efsbetfidieit dafien athisea 6r rebdrsghctiny thppe di ng a
set of difference val ues, .and _20neans for adapting said set of difference
val ues in VABepina Supeahfaid digitahyidee pequgaes diirgneBap is dusactsrizsd byf or

oLt oY DR 5 Rl oS sl poelRe o
values indicative of a difference between the coefficient values of the interpolation
filter and a predefined base filter;

constructing a further filter based on said set of difference values and the
predefined base filter; and

15 reconstructing of the pixel values based on the further filter.

Advantageously, the predefined base filter has a plurality of coefficients
represented by a plurality of coefficient values, and the construction of further filter is
carried out by summing said set of difference values with the coefficient values of the
predefined base filter.

20 Advantageously, said set of difference values 1s retrieved from the video data
by entropy decoding.

According to the fourth aspect of the present invention, there is provided a
video decoder, which comprises means for receiving video data in a bit-stream, the
received video data indicative of a digital video sequence comprising a sequence of

25  video frames, each frame of the video sequence comprising a plurality of pixel values. '
The video decoder is characterized by:
means for retrieving a set of difference values from the bit-stream;
~ means for constructing an interpolation filter based on a predefined base fiiter
and said set of difference values; and
30 means for reconstructing the pixel values in a frame of the video sequence

based on the interpolation filter and the received video data.
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the retrieved set of difference value so that the reconstruction of the

pi xel values in 25the decoding process is based on the further filter.
These and other features of the present invention will becone apparent with
reference to the follow ng description in conjunction with the acconpanyi ng
drawings. It is to be understood, however, that the draw ngs are designed
solely for 30 the purposes of illustration and not as a definition of the
limts of the invention. Brief Description of the Drawi ngs Figure 1
is a block di agraniageanshathegdee deaedes dsqharapeandevammaiesad ss§ot o prior

ar SR s PRI LoBRHA LhAUSA 86 bAG A GEPRL iy 0

decoder accor rior

r epr esent atcbfdiniclihg f'idtehdatidicfiterpast mbads fanearapsalécoding sald@ersic odi ng.
Figure 4a is a schematic representation illustrating a nacroblock in a
current fr andereneeryadips drompthedigsteaienat i ¢ representation illustrating a

referenge frame ‘%ﬁ%{?rscﬁllrlgﬁklhe mcagg&q of the dare@ngﬂl"vgm?fﬁ}' irt]}ger%ﬁspgpﬁgﬁé Fgg ation of

representation i ng a séarch redi on aroun

t he macr oblviddo dodirighisstent; ivbidh dongirtses: Figure 5 is a schematic
representation illustrating the process of notion 15estimation to sub-pixel
resol ution, accdndnaeder forgceding imaggsig@rdigity vidgo sequanesheviae pspRuSEeHht at i on

T ustrati ng 4o 3Pk diys; ﬁﬁ%r@é&%ﬁg@wfd% 4&{a-in a bit-stream indicative of the

video sequence, each frame of the video sequence comprising a plurality of pixel
10 values, the encoder having means for defining an interpolation filter for reconstructing
the pixel values in a frame of said digital video sequence in a decoding process,
wherein the interpolation filter has a plurality of filter coefficients represented by a
plurality of coefficients values, and
a decoder for receiving the encoded video data in the bit-stream for
15  reconstructing the pixel values in a frame of the video sequence 1n the decoding
process. The video coding system is characterized in that
the encoder further comprises:
means for computing a difference between to the interpolation filter and a
predefined base filter for providing a set of difference values, and
20 means for adapting said set of difference values in the bit-stream; and that
the decoding comprises:
means for retrieving from the bit-stream said set of difference values; and
means for constructing a further filter based on the predefined base filter and
the retrieved set of difference value so that the reconstruction of the pixel values in

25  the decoding process 1s based on the further filter.

These and other features of the present invention will become apparent with
reference to the following description in conjunction with the accompanying
drawings. It is to be understood, however, that the drawings are designed solely for

30  the purposes of iliustration and not as a definition of the limits of the invention.
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Figure 6b is a schematic representation illustrating the optinum

I nt erpol ati on being deconposed into the base filter and the difference
coefficients. 20Figure 6¢c is a schematic representation illustrating the

di fference coefficients to be coded and sent to the decoder. Figure 7 is a
bl ock diagramillustrating a term nal device conprising video encodi ng and
decodi ng equi pnent capabl e of carrying out the present invention. Figure 8a
is a block diagramillustrating a video encoder according to a 25 preferred
enbodi nent BofefiDascyiptieienf theddeavtingsh . Figure 8b is a bl ock diagram

il i | deg. : | - | i
nvention. - g0 s BRCR AT I s B ot S Cocer

accordi ng oyl anot her embodi ment of the present invention. 30Figure 9a
is a block diagramillustrating a_video decoder according to a_preferred
enbodi nent of thgrpRasehlock diagram Jhistrating a gepegigradapdgeeder ascerdingioagr am

I 11 ust rgti n%c)?a]x{i deo decoder according to another enbodi nent of the present
i nventidn. P Figure 9c is a block diagramillustrating a video decoder

according to yaigabatidgEchRifad rdRaentilioh MBudiabag te typsssttframes WweBast Mode
to Carry Qut the Invention The encoder, according to the present invention,
codes filt endepsmreodingent s

Figure 4a is a schematic representation illustrating a macroblock in a current
frame.
10 Figure 4b is a schematic representation illustrating a reference frame for block-
matching. |
Figure 4c is a schematic representation illustrating a search region around the
original location of the macroblock in the current frame.
Figure 5 is a schematic representation illustrating the process of motion
15  estimation to sub-pixel resolution, according to prior art.
Figure 6a is a schematic representation illustrating an optimum interpolation
filter.
Figure 6b is a schematic representation illustrating the optimum interpolation
being decomposed into the base filter and the difference coefficients.
20 Figure 6¢ is a schematic representation illustrating the difference coefficients to
be coded and sent to the decoder.
Figure 7 is a block diagram illustrating a terminal device comprising video
encoding and decoding equipment capable of carrying out the present invention.
Figure 8a is a block diagram illustrating a video encoder according to a
25  preferred embodiment of the present invention.
Figure 8b is a block diagram illustrating a video encoder according to another
embodiment of the present invention.
Figure 8c is a block diagram illustrating a video encoder according to yet
another embodiment of the present invention.
30 Figure 9a is a block diagram illustrating a video decoder accordingtoa

preferred embodiment of the present invention.
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differentially with respect to predefined base filter coefficients. Figures
6a - 6¢c illustrate the nmethod according to the present invention. The bar
graphs presented in 10Figure 6a are representative of interpolation filter
coefficient values, each bar corresponding to one of the filter
coefficients. The height of a bar represents the respective coefficient

val ue, bars extending above the horizontal axis representing positive

coefficient values, bars extending.below the. horizontal axis, negative
coefficient vaIF&%§?9€2é5f‘b]i’lPéﬁal il ré"%%taﬁﬁgolﬁ'? BagIT lPﬁé"ﬁlﬂghejr aph 110
represents ol MoAfndrt lof fife préldht ihbEngRcOder detects to be best suited for
notion interpolation of "a seﬁ ected 1 mage segnent, while the bar graph 140
represents the Hase 9¢€ id 4 dock dmgtane ilbwaniihea shieoadecalcFaguordnd &y yéthe filter
is a 6-tap sym*retrLc_fiIter having .6 filter coefficients. Instead of

sendi ng t hénPihet gp %@F‘F‘i%ﬁﬂé‘?ﬁ?sﬂg B\f@HMonl y the differences 130 between
the selgcted filter 110 and the bay- filter 140 are coded and sent. The 20
sent coefficients 120 are shown in Figure 6e. Wth the present

i nventi on, BestBilidego@arny Omtalé¢ hivendioni nce the smal |l anplitude differences

can be coded efficiently with an.entr coder. \Wen such difference val ues
are included in an ‘éEBRGAACHFG R ?-tg‘%)g’@é?ﬁtﬂvc?ﬂﬂe’éd:oaﬁs tgicged o der

and the vi QegeRhfaf)wRRfshect i prrABTAdEhsE TRE LRSRGBRIHi ol Ga €8¢ T €Spondi ng
decoder, the 25coefficients of the interpolation filter Tan be

r econst r uctibusteete tha eetleciodeording toghe peegentgndnéoni Thebargraphsgiresegtddnom t he
encoded bit.stream and adding themto the.respectiv oefficient val ues of
The pr 8ot (g BASE FPrepara b A daeTRo i Tl Shaechl vaites el be not eq
that the baggebionlifiz 168h 8f e MRr adAPtRAtst AhkMRight 8f 4 Bhr repre8éntd R Vi deo
sequence and received filter coefficients to further inprove the coding
30ef f i ci enayspettive epetlicent yokusi rire extending abovedbe hpiigardal axss rpprsskaftinged f or

t he whol e codec. In.other words. the.sa redefine ase filter is used
for all vi dO8SEsEEEEr Yoyt E, b suBRomRTRIR, BEEpRSH PRE mrkadh &

charact er i sboefficier®Valube RE¥ring tWiFi Gt 6hadd Rigir@66Uhé Bal grafil EI0Rpiexalty, the
base filter is adapted to the video data, i.e different base filters are

used fdF dithe Eiterthatthelersodecdrtertels bedpest sited fapmption siterpalatipr ofdlapt ed
duri ng. encagidfaSinag e Wide it Hgos%rg@gyme&easﬁ%wﬂe BfteC Cfd A"
ul es. ne Tl er 1s rc n

predefined T , as shown i i'gurées 6a to
6¢c, only haxtmple shoenfin Figite 6a, the filter is a 6-tap symmetric filter having 6 filter -

coefficients. Instead of sending the filter coefficients as such, only the differences
130 between the selected filter 110 and the base filter 144 are coded and sent. The
20  sent coefficients 120 are shown in Figure 6c.

With the present invention, a coding gain is obtained since the small amplitude
differences can be coded efficiently with an entropy coder. When such difference
values are included in an encoded video bit-stream produced by a video encoder, and

* the video bit-stream is transmitted from the encoder to a corresponding decoder, the
25  coefficients of the interpolation filter can be reconstructed at the decoder by retrieving
the difference values from the encoded bit-stream and adding them to the respective
coefficient values of the predefined base filter stored in the decoder.

It should be noted that the base filter can also be adapted to the statistics of the

video sequence and received filter coefficients to further improve the coding
30 efficiency. Itis also possible that the base filter is predefined for the whole codec. In

other words, the same predefined base filter is used for all video sequences to be
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coefficients need to be coded. The others can be obtained by copying. In
the exanple presented in Figure 6¢, the anobunt of information needed to
represent the coefficient values of the adaptive interpolation filter in
t he encoded video bit-streamcan be further reduced by realizing that the
4th, 5th and 6th filter coefficients are identical to 10 respectively the
3rd, 2nd and 1st filter coefficients. Thus, in this case, the six

coefficients of .the interpolation filter can act uaLJé be coded . by three
val ues, t h&ofed: srespeisive o theat shpsackinsiine oflithe wpeowhisl thyene et st

i nterpol ati i AN i oef f .Gy

pr edef i ned fﬁgég{ladq‘v%ﬁ teh(ré%%% Emgg?: %ﬁ%ng%{popgggin({egﬁa%ég%f Bﬁ?g% |b? %eeﬁrltlt}ﬁ%%rebet ween
t he second used fif diffatntaiddoi detj@enceq ek thechaza filtanchnt breadaped ddrid b enafdingci ent  of
the predefined base filter and the third represegéative of the difference
bet ween t h@faRrtv]anvidepspancnena¢qording teeatan piedpinedddleshe third
coefficgent of E,] Redri il tek: { € ry to

i ncl udebt hese tlf:liri']geﬁ[i %f&?s ren%relp’\?%ﬁﬁégh?ﬁF%%lgésedﬁégﬁgﬁ&\}?gg%‘Orgiﬁﬁ}?t&?eam

t ransm t t edotffizienenwedes bé codtdc dherothas cirhie: clesiadd by capyioht ki the tkenpler na;
-ing three interpolation filter coefficients by appropriate 20 pyi ng of
the first tPﬁ?SéEteE &2 Blere Qe therrpoynt of migamation; r@ﬁ@ﬁf&&ﬂﬁ%?@ﬂl\ﬁﬁ cfﬁeﬁ%l’g“éppr oach
can be ado i i is i i n odd
ather ¢ han s o el aRinichidi o iftr R GEk R Al bitktarn PAFLS

symmet r i calfurther reiced basenlizirtg thhiaht dth) Stheqirab ifidteecbdficatnts laee idewteal toof

di fference values tqQ he.coded .S [2) +1, where n.is.the nunher of
coeffi épentrﬁsﬂeﬁt"fqlpég’ﬁéé‘é zﬁglapgrlﬂ ﬁﬁ@’r%&f@% ﬁiufsk E’r&%s‘% &t hod
according tc%eﬁﬂ‘?enﬁ&ﬁﬁé‘imérﬂéﬂ%ﬂbh Gefeh RuifyR c%]ge@bﬁﬁﬁleawéxﬁes%ﬁ%st

coefficient coding nethods. For exanple, a Set of nost frequently used
filters camrepresantdtiveed thentiffomdecibdiyetintierfirstidtexpalationeBlterfaoefficeat hnd used

filt be coded with. th i bed i t] | | owi ng..naxi
var | at 1 on b BrE S arietatebe PredgRicd e e S8 3Pt e e WP ous
ment i oned Cﬁiﬁ@x‘éﬂ@éﬁ@@&%e%E&nﬁ%tﬁﬂmﬂ%ﬂcﬁi{jﬁlﬁﬂ%o%ﬁ:ﬁﬁﬂaﬁ@ﬂhe3&%@ ng

coefficient val ues. The coding order of the filter coefficients does
not havé t coefidieniof the psestefingd baseddier apd thecthudpensesentadiveiof therdsfferenesal ues
representat,ive of . the Jj.nterpalation filter fi.gien J ed not be
el uded | ePeut Uit s 608 coptofm SPF et BoiBieHEd PR

coef fi ci entgredisfinidl bade filke. fd ik e onllynédebsare RSiAckdp tege fireediffettnge speci f yi ng
5 the order in which the difference val ues  appear in _the bit-stream nust be

def i ned andvaissimthesnperiad vadrodkibstreany taasmiied from encoder tp deppslesiasithe t hat t he
base filter,l.siadapt.ed: i the.:recehved. L1l b8l Gael f.loent.s 1Qf . Sale
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decreased. This is 10especi al tr i f e sumon the filter coefficients
is known. ¢anbe adopted ?f e base Al%ler anH ?nterpo{a?lon%lllter have an odd rather than an

even number of coefficients, but are nevertheless symmetrical. In this case, it should
be appreciated that the number of difference values to be coded is (n/2) +1, where n is
the number of coefficients in the base filter/interpolation filter.

25  The method according to the present invention can also be combined with other
coefficient coding methods. For example, a set of most frequently used filters can be
defined and coded by their indexes. Less frequently used filters can be coded with the
described invention allowing maximum variation to the available filters and thereby
overcoming the previously mentioned disadvantage of the third prior art method for

30  coding coefficient values.
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Typically, the sumof the filter coefficients is fixed. In such a case,
there is no need to code the last filter coefficient, but it can be

cal cul ated by subtracting the sumof the first coefficients fromthe tota
sum |If the sumof the filter coefficients is not fixed, a separately
transm tted constant or constants can be added to the base filter
15coefficients or the filter output to reduce the anplitudes of the
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25  kind of multimedia terminal can be used in real-time applications such as
conversational videotelephony, or non real-time applications such as the retrieval or
- streaming of video clips, for example from a multimedia content server in the
Internet.
In the context of the present invention, it should be appreciated that the H.324
30 terminal shown in Figure 7 is only one of a number of alternative multimedia terminal

implementations suited to application of the inventive method. It should also6 be noted
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20 71 can be replaced with any appropriate wireless interface, as
represented by alternative block 73 in Figure 7. For exanple, an H 3241M
mul ti media termnal can include a radio transceiver enabling connection to
the current 2nd generation GSM nobil e tel ephone network, or the proposed
3E1 generation UMIS (Uni versal Mobile Tel ephone System). 251t should be
noted that in nmultinmedia termnals designed for two-way comruni cati ons,

that is for transm ssion and receptjan of video dat i s advant ageous to

, 11
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illustrated in Figure 7, it is assuned that the video codec is inplenented
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to a correspentinegbergger according to an 20 enbodi nent of the inventive
nmet hod, as previously described. Simlarly, the decoder section of the

desc . y

vi deo codec is Bdapmsdtimedia tesayingls may alfe bspdapted faruse semobde ent  val ues
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1
termnal's AUdI 6 &quI PHENRE 1S ¢oupled t o an audi o codec, demoted in Figure

20 71 can be replaced with any appropriate wireless interface, as represented by

-

altemative block 73 in Figure 7. For example, an H.324/M multimedia terminal can
include a radio transceiver enabling connection to the current 2™ generation GSM
mobile telephone network, or the proposed 3" generation UMTS (Universal Mobile
Telephone System).

25 It should be noted that in multimedia terminals designed for two-way
communications, that is for transmission and reception of video data, it is
advantageous to provide both a video encoder and video decoder implemented
according to the present invention. Such an encoder and decoder pair is often
implemented as a single combined functional unit, referred to as a 'codec’.

30 A typical H.324 multimedia terminal will now be described in further detail

with reference to Figure 7. The multimedia terminal 60 includes a variety of elements

23



7 by reference nunber 66. Like the video codec, the audio codec conprises
an 25encoder/decoder pair. It converts audio data captured by the
termnal's audi o equi prent into a formsuitable for transm ssion over the
communi cations |link and transforns encoded audi o data received fromthe
network back into a formsuitable for reproduction, for exanple on the
termnal's | oudspeaker. The output of the audio codec is passed to a del ay
bl ock 67. This conmpensates for the del ays i ntroduced. by the 30 video codi ng
process andefemedtosssipranal prpmen; s hiis dermipal ggwpmenhisclndgeBidetAugh |

The system_¢ rol..block f b } 1 0
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] .he .
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fromthe myl i La. i %é [ ' cogded and
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equi prent  G3ybeld, kb sohicavidebbardlor datill, image fransteives isagi & dfax-mitr eam
| nf ormati on concerning the t% e.of data encryption él,lf an to bg appl i ed
to thelBit-stredvifrocarpesn 51 sropladite g WwiGQedew s idbegider 08 tfect an
encryption gpde. L5 ong Ingvidtdh iEdEXesih ARHICRRARID! Y
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r esponsi bl ect@dingas theahvagionhSudhi dn estcodarand di decollengvill beidesaibied sn thenst i t uent

nedi a conponents and passi ng thqQse co nents tq the i . cod
and or Lot PN M LRGARR CTGE Sa BIPTIR A BerSE CTHOE AL B o o
schemati c g;&agggg AR B A irtRer RSP CRAASIRE 2 (ORI ARL BRI dR6gEdI Ng tO

a preferre Iment of the invention. The structure of the video encoder
shown 118 Ficgurpees8ad video contem yeqepsddows ths ernhmunications agtvoirkt Indhe examplar t

id der ill ‘ated in Fi 1, Wit | dificati t
Uhose part STbasindigisnd:  fyaeimed B Mot oRen s mplgefiel " ' °
sub- pi xel “giyig th %&ﬁd&%@h&@amdnﬁ@mmmw&ﬁte%cgmwm@g IvisdB@her

bit-stream Nbst elenents of the video encoder : .
assumed that the encoder section of the video codec is adapted to encode and transmit

interpolation filter coefficient values to a corresponding decoder according to an

20 embodiment of the inventive method, as previously described. Similarly, the decoder
section of the video codec is adapted to receive and decode filter coefficient values
encoded according to the same embodiment of the inventive method.

The terminal’s audio equipment is coupled to an audio codec, denoted in Figure

7 by reference number 66. Like the video codec, the audio codec comprises an

25  encoder/decoder pair. It converts audio data captured by the terminal’s audio
equipment into a form suitable for transmission over the communications link and
transforms encoded audio data received from the network back into a form suitable
for reproduction, for example on the terminal’s loudspeaker. The output of the audio
codec is passed to a delay block 67. This compensates for the delays introduced by the

30  video coding process and thus ensures synchronisation of audio and video content.
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25 function and operate in a manner simlar to the correspondi ng el enents
of previously described prior art video encoder 10 (see Figure 1).
Description of such elenents is onmtted for reasons of conciseness. In
particul ar video encoder 700 conprises a Mtion Field Estimation block 711,
a Motion Field Coding block 712, a Mtion Conpensated Prediction block 713,
a Prediction Error Coding block 714, a Prediction 30 Error Decodi ng bl ock

715, Mul ti pl exi bl ock, 7 .17, d d 719.. As
Sown i Fi gor & sar=eRgoN Dheiep Lp AR AR B AT e P B b des o
Di fferenti gl (RbhkhbenlapbRipkidicdddnfo] Plofsdsl (lghalMy M1BcK 68)4s edalikhGonput €

the difference between a selected filter and a base filter 709. Operation
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vi deo encoder s, _kn fromprior.art, the . video encpder 700 according 5 to
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predi ct son c‘éf)&ﬂ]"]it’ie%%‘? A trdRnBiing i faEtihg AR ahdydan b uBEPRUSELR the
bit-streamrepresentative of a video frane being coded in INTER format. It

per f or ns nokrions cueingeneddsad the widee ehanlet. dhesystpinaehtroBdotkuéd also eondrdisir t her
enpl oys an jnterpol ati on f.ilter. hayi ng dynam.al l ariable filter,.

coef {1 ci enthoufasdaengRation oo nesatfing setepe oLeieoibuen © e HFdB dur i ng
the motion @ dARMiIRHHAS 95@&3 from encryftiADGISACELR) thd RRIRAAE /BB IIdeR

conpensated prediction on a bl ock-byblock basis and inplenents notion
conpensat i dMUW¥/TIMEDOINSI 70: esol uti on as a two- stage process for each

bl ock. n the first e, a motion vector having.full-npj | lution is
gjeterrn'1hed by %"ﬂg-%éﬁalgmsﬁﬂﬁml%. f’ms‘éﬁﬂﬁtruﬁﬁgif’ée_ nag1 %EMW "4l ues 15
in the ref eperemifdsanBodddan sihdirofiBédVigso Babindib bbeahlvavith Ik inpak #efm of the
current image block to be coded. The bl ock matching operation is perforned

by Motion Rhetelenidicieguipnasnt B3 ok possible poriml slstas ke foom agingle bitgleanst ore 717,
oM ot bt Lol ARSI O o R BABHES 1
det er m ned stidathhgrolides by shagptions bloek 60l vsed to select an encryption mode.

15  Cormrespondingly, when a multiplexed and i)ossibly encrypted multimedia bit-stream is
being received, MUX/DMUX unit 70 is responsible for decrypting the bit-stream,
dividing it into its constituent media components and passing those components to the
appropriate codec(s) and/or terminal equipment for decoding and reproduction.

Figure 8a is a schematic block diagram of a video encoder 700 implemented

20  according to a preferred embodiment of the invention. The structure of the video
encoder shown in Figure 8a 1s in many respects similar to that of the prior art video
encoder illustrated in Figure 1, with appropriate modifications to those parts of the
encoder that perform operations ﬁssociated with sub-pixel value interpolation and
formation of the encoded video bit-stream. Most elements of the video encoder 700

25  function and operate in a manner similar to the corresponding elements of previonsly
described prior art video encoder 10 (see Figure 1). Description of such elements is
omitted for reasons of conciseness. In particular video encoder 700 comprises a
Motion Field Estimation block 711, a Motion Field Coding block 712, a Motion
Compensated Prediction block 713, a Prediction Error Coding block 714, a Prediction

30  Error Decoding block 715, a Multiplexing block 716, a Frame Memory 717, and an

adder 719. As shown in Figure 8a, the Motion Field Estimation block 711 also

25



20 the desired sub-pixel resolution. To do this, the Mdtion Field
Estimation block 711 forns new search bl ocks havi ng ‘sub-pi xel resol ution by
interpolating the pixel values of the reference frane Ra(x,y) in the region
previously identified as the best match for the inage block currently being
coded (see Figure 5). As part of this process, the Mdtion Field Estimation
bl ock 711 determ nes an optinmuminterpolation filter for 25 interpol ation
of the sub-pixel val ues. Advantageously the coéff%cient val yes of the

i nt er pol at iwsndes pdgffentiabldagifieEn Gowphitienr blosk i Vrviigh issted & sRPP Bt each

i mage bl oc . ' [ jcients of the
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frame, or at tiDpcheighfitingvidéo endoder TMeN! s bie nasidesedim detdedn 30Havi ng

i nterpol ated the necessary sub-pi xel values and forned new Sear ch_bl ocks,
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at full - pi xglh fegsRt t4d Rferende fidthé RIBY yMed podudd £bitstedr reirésentakivooka 711

det erm nes whether the notion vector representative of the inage block
currently hideodraeieeng badeddn pNITER foomStalifpeiforps metioncompnsaiedel | ocati on.

The Motion Field Estimation bl ock 7 utputs the.identifi ti.on vector
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Prediction 3 then forns a prediction for the current image bl ock
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The prediction_i.§ and sub ueptly cqded in Prediction Erro i.ng bl ock
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then forvargigg daRMmBiSgichicn mbhéPEorkRstsRbnab@ak-phiks rdsBlubeh bk Rineger bl ock
716. Ml tipl exer block 716 al so receives informtion about .the ai)prom mat ed

not i on vectstage processhier tachrblotk. dn theofirst gegd, panaionsvector baying felbpixe] el d 15

Codi ng bl ock 2, .as well Lhf or mat i.on abo | I ion
fil te? used'e%?ﬁ‘fdr?gls ttepgweéi’wz%%éngt&h%géldﬁ"cﬁ%%roc%ﬂ%igféillé’mégrolrfg;ﬁi%[ ?@r‘éﬁ% bl ock
from Myki ony i BletbrERliratd M@J’tﬁ& mhdtEhesMeSONHlh 11 pigelvaiugs eMpedurent of the
present invention, Mtion Fleld Estimation Block 711, based on the

conput at i orialage bk to beomisdeThdploch enatiiHifgopnitical is padbiei lynvotonpidddt i on

bl ock 710, transmts set. of differen val yes ?9&7)%5 i ndi ca,tivelof t he

di f f er ence HEHmAEER b!‘}?g Hiljp gp-opsiafipn A1 rgmﬁgt?rﬁ ¢ iehpRELRNGS; on
filter for t T+l Gil | ned base
filter 709 Oéf?%?%gé f?ﬁ&t%%ﬁiﬁéégﬁgf %?%%’t*%*i%?nﬁ%%%gﬁéﬂubs equently

forms an engafRfsditd preliicAam tHOmotiRNeseNddtinviledin the Girdt BRGE istefipélo bl ock
by conbi ning the notion information (notion coefficients), prediction error

dat a, 20l t ghe destreflisub-pinel gisphuiosnte do thigdheMotign Figd Estimporbleck 311

i nf ti Each of t i ffer t Vv fi. .k nf et d wth
an ent ropy TeBteRey Srasst Pigeks AR - ¥Ree iyt H & b b pBSORREEC
transm ssi it th@refereie RARORI{A§) G BRABEIon previously identified as the best match

for the image block currently being coded (see Figure 5). As part of this process, the
Motion Field Estimation block 711 determines an optimum interpolation filter for

25 interpolation of the sub-pixel values. Advantageously the coefficient values of the
interpolation filter are adapted in connection with the encoding of each image block.
In altemative embodiments, the coefficients of the interpolation filter may be adapted
less frequently, for example once every frame, or at the beginning of a new video
sequence to be coded. .

30 Having interpolated the necessary sub-pixel values and formed new search

blocks, Motion Field Estimation block 711 performs a further search in order to
26



In an alternative enbodi nent of the invention, the Mdtion Field Estination
Bl ock 711 sends a set of values 704 indicative of filter coefficients of
the optinmum 30 interpolation filter to the Differential Coefficient

Comput ation bl ock 710 which is |ocated between the Motion Field Estimation
Bl ock 711 and the Multiplexer block 716, as shown in Figure 8b. Based on
the base filter 709, the Differential Coefficient Corrputation bl ock 710

cal cul ates di f f.er.ence val.ues 705 a | tiplexer
b ook 716, deltFmiseHEN L ARe Sy SR odts P Bk W BTlP et e on
Conput at i oRuAbMARiagd Bldck BfindBS bt HHiﬂllﬁ@BlonbhgiﬂbWﬂienﬁﬁ@@ Kt ﬂﬂlﬁ)lxéln t hat

-case, the filter coeffl cients 704 of the optinuminterpolation filter can

be direct| yessduitonbip thisevaypiotian Fiedd ESE@@H%W)@% 7hl detrryings whethpiethe
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enbodi ngnt aq‘f_l}]I]ﬁ@]@{-gﬁﬁﬁjtxe] R¥&H. on and correspondl ng to the video 10
encoder 700 illustrated in Figures 8a. The decoder 800 conprises a Mtion

Conpensat ed Pr ddieddoizm Ibpblcﬁstmmondplwkeﬂulcqutmﬁs Exerléfrntlﬁ@éomtr@ BewEko 722, a

dacoder " 800 RLEEERCAfe BREK 2r2 Ay SRR A& e MeHonBRE Wil o pona ng

el enents i Andthm R6dDS asPrévidibly 8@eribed MSlich CoipoRyRd Prédicticiesiodle71800 of
the present invention, as 15 shown in Figure 9a includes a Filter

Reconst r uctthenfopns e redigion fat tbﬁ cpgeriimage blosk unag dhe anrmierimetesipetien i on

filter ,410 F es 6b
and 60)and R B4EEISTLBOR M tpRReh PuC O RGN B RER0 i Cap B 2 50
i's, prefer pkdctidriBmér Cding bldoRIe4f The @ded ﬁﬂ:dﬁdﬁogwim uﬂarmat&m)for fheer ati on
of the video decoder 800 wi |l now be considered in detail. 20 Demnultiplexer |

823 recei vauTerdaRes black isthen fopvpoded fggm iPredigtinn Frer fé?%&ch}ﬁ 7a4tq s
constituenty, gﬁ;ﬂe%el(m&& milgleﬁble%ék gﬂfe 2195 fdckRBs ﬁ{ {;Hﬁat%%?a%ogtfthét er

coeffi ci ent erence va ues 0SSl control ornati on
per f or ns anrppradasisdmotientvecpy (id elm)ﬁbmng}f m’iotidne:oeﬁi“cuemn; febah MdtiomeSeldThe
Denul ti pl.exer,.823 forwards f:ﬁredlf@tl on error _infarmatjion retri %led fromthe

recei véa bi%oding blgek gbh ap 5 ppglipmapogt ths oppavgyINtgPlaten igspused; 5 so
forwards t *lﬁmh?%?dt%ﬁ%ﬂ@%h&&bd ﬁ}%&aw@ﬁ bPMe cBrrMRtihaBe FRIRERBAMSARBlCt | on

bl ock 821. hi's enbodi ment "of the present invention, the Demultiplexer
823 f or war dstinfation BlekvAd . (Aeedrding toothys asmaliaet cdﬂhdmmx&mmhmes via

P P2 L SOENP A P e LSRR B R i
g?:c Pte(rareggleq%/éa ?ﬁ%@iéx{tﬁg?%o%ﬁ&eﬁt%%ﬁlpﬁtﬂiéh%l&zk)ﬂlﬂ}’trﬁﬂﬂhﬂgh e Bf BiFfePdné8 Yalues
20 705 indicative of the difference between the filter coefficients of the optimum
interpolation filter for the current block and the coefficients bf a predefined base filter
709 stored in the encoder 700. Multiplexer block 716 subsequently forms an encoded
bit-stream 703 representative of the image current block by combining the motion
information (motion coefficients), prediction error data, filter coefficient difference
25  values and possible control information. Each of the different types of information
may be encoded with an entropy coder prior to inclusion in the bit-stream and
subsequent transmission to a corresponding decoder.
In an alternative embodiment of the invention, the Motion Field Estimation
Block 711 sends a set of values 704 indicative of filter coefficients of the optimum

30 interpolation filter to the Differential Coefficient Computation block 710 which is
located between the Motion Field Estimation Block 711 and the Multiplexer block
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coefficients of a predefined base filter 809 stored in the decoder. Mbdtion
Conpensated Prediction block 821 subsequently uses the optinmum
interpolation filter as defined by the reconstructed coefficient values to
construct a prediction for the inmage block currently being decoded. More
specifically, Mtion Conpensated Prediction block 821 forns a prediction
for the current inage block by retrieving 5 pixel values of a reference
frame R X,y 65%1505}1‘89«11'55'1:]%%@? MR, %ﬁéb?s%‘h{ég%? ARL i‘f]fféﬂnﬁh%e‘.’i‘ﬁc]&ﬁcessar Y
according to the recerv ion 1 nformation m any required sub-pi xel
val ues. TheC@nhgethtidn ockf THO dahenlaiey the rdﬁfferm@aramie@dles iand tﬂaﬁmn@m@medhw th

t he correspondi ng predlctlon error data to forma reconstruction of the

i mage bIoc@WPHmﬁﬁég?Pgh 16 0A ternatively, the Filter Reconstruction bIock

810 resides out ﬁglg]
shown in Fi gureﬁl ﬂ&hga]{enﬁh%’%}n?)? g%ér@gﬂgﬁﬁiﬁggﬁ%gg-{%ﬁcg in é%gﬂj" 802
recei ved f riloek T resides witliih exeMuizexdr biockiA16e in Rmcoml the dilieo boditicients 810

reconstructs the optimuminterpolation filters and sends the reconstruct
filter coeff9didgeptgpun ineipplation filishcandiplirrstly sentmyehe Matiom Hieldck 821. 15

In yet anot t ﬁmﬁ ion block 810
resides in ]?ﬁiam%gk% &97 g)?% ghi%?eg%%mb?ﬁ’f%eats%? ﬁ?ﬁ%ﬁ]fﬁ%ck 823
forwards the rdﬁgm@ambldclcdmfgfmnﬁmﬁieofdeédtm 800 tmplmneﬂtteérapcﬂrdmgwafi | ter
to Motion Conpensated Predlﬁjl on Bl ack 821. The enco&n cqrdl ng to the
present i nvRRIETEH smbagdiment of the presgrinpyenlion 2ad SerrespeR gr‘\? JeWi th respect
to predefi ignt der to

B I e R i s g ? er ence

val ues. The(:dnapmsﬁuedlf’mdmtmnfbﬁmaklmtsPsehhmioaiExmﬂmmmgdnlbnkTﬁhacoder and

used i ¢ noePaUBI R HerR g adimg SBmaa oy MR FITR D OF HoatRer

wor ds, aCCOS(ﬂ] Rfctld hiepsRidiad rﬁﬁnﬁepﬁmﬂfa‘?%@ﬂfe cdRrespIMBM diQRent@idae filter
having a particul ar set of coefficient values is defined and then the

di f f er encesprietavid®{secigginad. Howtemer, M&o@réﬁD@fahmpmmeﬁtwmes

i nt t fi.l tu | i t

bi ¢ - ot am SeNmFEESH Helas kBl ReforpeioritPeh SFLSHEE 15opdfelelify « ne
adapti ve i ngginnah aitepolafibh ffer pﬂﬂ(fséé Fighfd 6a) bAsddsh 08 aeeehcei viaiRs B0 - st ream
is reduced with respect to a nethod in which each of the 30adaptive filter

coef fi ci ent@iguseschrnd ook ped tearsdefined bers fitse 809 c iTbppredefingdieasp ddter 809 t er
are suffici E{]ﬁrk%ﬁ%'lyq]iée%ﬁc}ﬂ(?oggsee f?l?eerf’ﬂ)b(fi:%ﬂ}é Qf 8tcﬁe interpolation filter

actual ly us

Operation of the video decoder 800 will now be considered in detail.

20  Demultiplexer 823 receives encoded bit-stream 803, splits the bit-stream into its
constituent parts (motion coefficients, prediction error data, filter coefﬁcient
difference values and possible control information) and performs any necessary
entropy decoding of the various data types. The Demultipiexer 823 forwards
prediction error information retrieved from the received bit-stream 803 to Prediction

25  Error Decoding block 822. It also forwards the received motion information to
Motion Compensated Prediction block 821. In this embodiment of the present
invention, the Demultiplexer 823 forwards the received (and entropy decoded)
difference values via signal 802 to the Motion Compensated Prediction block 821 so
as to allow the Filter Reconstruction block 810 to reconstruct the optimum

30 interpolation filter 110 (see Figure 6a) by adding the received difference values to the

coefficients of a predefined base filter 809 stored in the decoder. Motion
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difference values to be coded are snmall. Thus, it is advantageous if the
predefined base filter is statistically simlar to the interpolation filter
actually used, as in this case the difference values are reduced and a
further inprovenent in coding efficiency is achieved. 5Unlike the
differential coding nmethod as proposed in Wedi, the nethod according to the
present invention retains conparatively good error resilience. In the event

o A e O AR M PSS BL B WA RRE BBl s | 22

f r om encoder ecoder, erence ilter

and the i ntgrdeihéd bpihefrkddnstuaed @c%fﬁyieﬂsﬁﬂuéshatoﬁmaféﬁ@aﬁdobyortthg error.
101t should be noted that the functional elenents of the nultinedia

termnal, vindepblasksuaenthikangidecodrd Viarespestirally ddeberiCagipeesatade present
o SRR\ PLETET eSS AP A M R

conmbi nation 0 e I'de0 éncodi ng an M cordi ng

to the BNVeHkdIQANRE Bf Prdtéreficd RathY B\t b8 Stotin FIRhE VRMAH, 824 ahdd the form of
a conput er program conprising machine- 15 readabl e instructions for

per f or m ng ibtegpdiatinptthanak nsdcepsy atcdriiggito taretdved hstiGuiiformidien entaaer ,
decoder and videq codec. according to the invention nmay be_ inplenented as a
sof tware ccB requred Submiis! ¥elyen ddepeeiiclimpion thecuagpeimags blockdsdigher, such

as a perso -] ' r.amth

Vi deo’ encod s AR e BRI e En RO P Aol Sorthe | e

cont ext of ipmgt blek & qestiodi ments, it will apparent to those skilled in the

art th a nunber of npdifications and yarioys_changes to these _teachings

may b_eqhade_. T ﬁ;m%me3@ﬂt%‘éﬁ%%%'ﬁsgﬁﬁ}%fs"lfs@eﬁﬂpfgwg?wtafl? gt @ﬁ%ﬂl%q

descri bed whdiipf#aeetedQiodModk §710LEIRNAT A FigsteOBDAbIRAL dirfehigbeol | 1t
that certaln nodi

wi || be understood by those skilled in the ar I cations
or changes valyesisentaheduts godl $02irecairddnipon thkePambltiplexfer 823, theFiteope and

spirit of the inventi et forth gbove. CLAI M .1. nmet hod r
encodi ng arienigEahn BlosR 3Ll Fesondinis esktipu R eom flspagd sends e
reconst r uctiefghsiidt-fiek @befﬁ@i‘eﬂ@%{)"slﬂo #d RioBbf @fbﬁhﬂeﬁm We&ﬁtif@i’i‘ bloRk §2P0! ation

filter 5having a plurality of coefficient values; . performng
pr edi ctlibon ofyehansithrs klttmatyes eobledinisat ¢k Bilter Reconsirentionrbliecket] Ogetidesiinel

val ues; the Demultiplexer block 823. The Demultiplexer block 823 forwards the
reconstructed coefficients of the optimum interpolation filter to Motion Compensated
Prediction Block 821.
The encoder, according to the present invention, codes filter coefficients

20  differentially with respect to predefined base filter coefficients so as to allow the
decoder to reconstruct the optimum interpolation filter based on the difference values.
The base filter coefficients should be known to both encoder and decoder and should
be statistically reasonably close to the actual filters used in the video sequence to yield
good coding performance. In other words, according to the method of the present

25  invention, a base filter having a particular set of coefficient values is defined and then
the differences between the base filter coefficients and those of the interpolation filter
actually used are coded and included in the video bit-stream. In this way, the amount
of information needed to represent the adaptive interpolation filter coefficients in the
encoded video bit-stream is reduced with respect to a method in which each of the

30  adaptive filter coefficients is coded separately. If the coefficients of the base filter are

sufficiently similar to the coefficients of the interpolation filter actually used, the
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coding the coefficient values of the interpolation filter differentially
wWth respect to coefficient values of a base filter for formng a set of

di fference val ues, 10 wherein at |east one of the coefficient values of the
base filter is a non-zero value, and providing said set of difference

val ues in encoded vi deo dat a. 2. The nmethod according to claiml1,
wherein the inmage is divided into a plurality of blocks, and the

coeff|C|ent al ues of th erpol atjion filter are ada d du
encodi ng of THSEACS YaIEsS 1B 86&585 ke S*ﬂffb Tt wdsa%\@&ra@@wgﬁ? ﬁ*e&rs"is‘?ﬁ] %’1 wher ei n
the coeffi Gdf@@!%élﬁg %F?S@Jangcorgéﬁg tid n‘&ﬁolﬁﬁé@ﬁh%cﬂfaﬂ?‘%éd’%@ if@Rd dds€i ent

val ues. Ing to claim1 conpri si ng:
adapti ng t hke dxf@’réncelvahnesma:lrﬂém:edfanﬁhe%hh&errfprchtemenbnsc&nhmfﬁtmm)sts| cs of
t he video sequence. 5. The method according to claim1, wherein the

i nterpol at iHFfter is symmetrical 25such that only half the coefficient

val ues @f the iy eQH a8 {ail Lo ﬂ{eﬂa&f)ﬂﬁgopos@d il PaiTRlaemagcor ding to

claiml1, wherein't ase ter s a plurality of fufther coefficient
val ues, anchcebrdingto tbe pmsmt emtenuaﬂ] peains cagpadtivay ghed éwortreaticoeeflhtld ent

val ues of the base filter s .to reduce an_anplit di fferepces
bet ween t he"VEBCYS T Qﬁ%mvag HENG {rapsyaIssinR 8?@’6 e&?‘?‘%ﬂ Vf‘fqot‘& -SRI A

further Coeénfcb@érqgﬁee@wﬁs%lmedh?ér@na‘edcméen mzbas,mmeﬁwmé according to

claiml1, further conprisin adapting the coefficient val ues of the
i nter poI at |mterﬁql:kttce‘rﬁ%bnmhng]]pnsejﬂlihagxs@ffeetadIbyltlnmgeon n the video sequence.

10 It should be noted that the functional elements of the multimedia terminal, video
encoder, decoder and video codec according to the present invention can be
implemented as software or dedicated hardware, or 2 combination of the two. The
video encoding and decoding methods according to the invention are particularly
suited for implementation in the form of a computer program comprising machine-

15  readable instructions for performing the functional steps of the invention. As such,
the encoder, decoder and video codec according to the invention may be implemented
as a software code stored on a storage medium and executed in a computer, such as a

personal desktop computer, in order to provide that computer with video encoding

and/or decoding functionality.

20 Although described in the context of particular embodimnents, 1t will apparent to
those skilled in the art that a number of modifications and various changes to these
teachings may be made. Thus, while the invention has been particularly shown and
described with respect to one or more preferred embodiments thereof, it will be
understood by those skilled in the art that certain modifications or changes may be

25  made therein without departing from the scope and spirit of the invention as set forth

above.

30



5 8. An apparatus for encoding a video sequence, said apparatus conprising:
means for defining an interpolation filter for reconstructing sub-pi xel
values in a reference frame, the interpolation filter having a plurality of
coefficient val ues; means for performng prediction of a block to be
coded based on the reconstructed sub-pixel values; 10means for conputing a
di fference between the coefficient values of said interpolation filter and
coefficieQﬁﬂ¥ﬁhges of a base filter for providing a set of difference

val ues, wherein at |east one of the coefficient values of the base filter
is a non-zero value, and neans for providing said set of difference val ues
i n encode de%ﬁggﬁ%a. 15 9. The apparatus according to claima8, further
conpri si ng- *M¢ epepdingan Gpage i a VGO sequenee said mefhqd eommisingy al ues

bef ore providi o P f: di § | -he . Vi dat a.
2010. The appa?%to E%@@%&#&éﬂt%Jl'ge{sgﬁrﬁn?‘é@\?/ﬁﬁ%‘:“% “%lﬂ‘eanqﬁ 7 S%}Oétfﬂ%%’ filter
i s syniret haviag aphualithef eodfficjeyt vabakisng neans is arranged to encode only half

the set of difference values. 11 met hod, f qr decodi ng encoded vi deo dat a,
sai d nmet hod coHﬁrrf?‘?Pﬂ%Preg*ﬁt‘QPP%@HQ%t‘P i’%ﬁ?qqqg’aéfﬁﬁ%gﬁ“?ﬁoaﬁﬁmﬁits&ba set of
di ff erenceix¢plalgs sai d set of difference values indicative of a difference

between coefficient values of an interpolation filter and coefficient
val ues of a basedifg theaoeffigiant salnesof the ad¢rpolatiom filtethdifiersafidliscwisht val ues of

the base filter is.a.ngn-zero.val ue; . constructin he
i nt er pol afeisgér"\&}cl’ ??egﬁms%sv e&ﬁfgg?ﬁe@&e{ f%foﬁplf“gé‘rsgﬁ%f[e‘{’&%ie %%Vf’i'ﬁfﬁ’ 30t he base
filtet) wherein at least one of the coefficient values of the base filter is a non-zero value, and

providing said set of difference values in encoded video data.

2. The method according to claim 1, wherein the image is divided into a plurality of
blocks, and the coefficient values of the interpolation filter are adapted during

15 encoding of each image block.

3. The method according to claim 1, wherein the coefficient values of the base filter

comprise predefined coefficient values.

20 4. The method according to claim 1, further comprising;
adapting the coefficient values of the base filter based on statistics of the video

sequence.

5. The method according to claim 1, wherein the interpolation filter is symmetrical
25 such that only half the coefficient values of the interpolation filter are coded.

6. The method according to claim 1, wherein the base filter has a plurality of further
coefficient values, and wherein a constant value is added to the further coefficient
values of the base filter so as to reduce an amplitude of differences between the

30  coefficient values of the interpolation filter and the further coefficient values of the
base filter.
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reconstructing the sub-pixel values in a reference franme based on the
Interpolation filter and the encoded vi deo data; and performng a
predi ction of a block to be decoded based on the reconstructed sub-pi xel
val ues. 12. The method according to claim1l, wherein the base filter has
a plurality of S5further coefficients represented by a plurality of further
coefficient values, said nethod further conprising summ ng said set of
difference values with the fyrther. coefficient values of the base filter
for const -Lﬁﬁfﬂﬁﬁ?w@@#;l’égﬁ’o#ﬁﬂ ﬁrﬁlﬂﬁ"?rt"@mpni’@%é. The net hod according to
claimi2, wher glfisgil cdefricRlin MILESHIRE BudfBbiiion ified Rhinbesidd om the
encoded vi deo data by entropy decoding. 14. The nmethod according to claim
11 wher ei eachimagomsfthe videmsequaheses of the base filter conprises predefined
coefficient values for use in decoding of the video sequence. 15 15. The
met hod according to claim 11, further conprising: adapting the

coef figi egtAy appiefudfor bh@din £4id6b sdquencef sdid Bppadathd nptesadi ng of each

i mge in the video sequence. 20 16. The nethoJ)accgrding,to claim11,
wherei n the imges fpsdéimmgj@dlntqm@afeprpﬁmrépﬂ regonstrupfingsub-pisgl yalgsained n sai d
retrieving.l f L 170 TE . lng to claim
11, furt h%rf ér(é:%clr%%qng%’ n%&:qn{e%c’l&ﬁ’%hﬁlpééglgg?g %é) 11%%@?(:0@2{) [ gllee nfag‘é%r ues of the
base filter bagsas fonp&forinigd predicibn bheblotkl obe2fnded faed @a.the

reconstructed sub-pixel values;

10 means for computing a difference between the coefficient values of said
interpolation filter and coefficient values of a base filter for providing a set of
difference values, wherein at least one of the coefficient values of the base filter is a
non-zero value, and

means for providing said set of difference values in encoded video data.
15
9. The apparatus according to claim 8, further comprising
means for entropy coding said set of difference values before providing said set

of difference values in the encoded video data.

20 10. The apparatus according to claim 9, wherein the interpolation filter is symmetrical
and the entropy coding means is arranged to encode only half the set of difference

values.

11. A method for decoding encoded video data, said method comprising:

25 refrieving from the encoded video data a set of difference values, said set of
difference values indicative of a difference between coefficient values of an
interpolation filter and coefficient values of a base filter, wherein at least one of the
coefficient values of the base filter is a non-zero value;

constructing the interpolation filter based on said set of difference values and
30  the base filter;
‘ reconstructing the sub-pixel values in a reference frame based on the

interpolation filter and the encoded video data; and
32



18. An apparatus for decodi ng encoded video data, said apparatus

conpri si ng: nmeans for retrieving a set of difference values fromthe
encoded video data, said set of difference values indicative of a

di fference between coefficient values of an 30interpolation filter and
coefficient values of a base filter, wherein at |east one of the
coefficient val ues of the base filter is a non-zero val ue; nmeans for

constructing the |nter tlon he .ba e filt and said set
of i 11 or ence. BeferBust £Bredigdh of p block s BR Bfkoded b Sl sekenstheRles T
ref er encegfy-ginel whggd on the interpolation filter and the encoded video

data; and 5neans for performng a prediction of a block to be decoded based
on the reconstructed sub-pi xel val ues. 19. The apparatus according to

cl ai m 18, rej iI £! oefficients
Fepr esent b 1 PeAPOd Eoe0RE s fl it D SR el il S FPe ' 16

conpr isi nfurther coem’ﬁaasts tepresehiddibna ;ﬁmﬁty&ﬂfuﬁﬁer@béﬁiefeﬁﬂﬁa&uesabai@s with the
further coefficient values of the base filter for constructing the

i nt er pol afeBipdfpythes,comprising20.  The apparatus according to claim 18, further

conpri sing 15%1@@@&%5@?%@3?%&% v?f'i‘h ﬁlesfﬁ&h&fcogfﬁfcie%i ZAUE éﬁhéles from

the bit-stream em conp encoder
for encodbm;gfﬂtevﬁﬂe:onﬁnmtiegntie,inﬁehmlﬂimdﬁ&:r confl gured for defi ni ng an
interpolation filter for reconstructing sub-pixel values in a reference
frame wherein 20 the interpolation filter conprises a plurality of

coef T i@l e STheGhdRSd a&Bﬂhﬁ’g Q)e&ﬁﬂlef 2, WHerdi 68 s BriditeerEite YeRIs W deo dat a,

wherein the encoder further conprises
retrieved from the encoded v1de0 data by entropy decoding,

14. The method according to claim 11 wherein the coefficient values of the base filter
comprises predefined coefficient values for use in decoding of the video sequence.
15
15. The method according to claim 11, further comprising:
adapting the coefficient values of the interpolation filter during decoding of

each image in the video sequence.

20  16. The method according to claim 11, wherein the image is divided into a plurality of

blocks, and wherein said retrieving is performed for each block.

17. The method according to claim 11, further comprising:
adapting the coefficient values of the base filter based on statistics of the video

25  sequence.

18. An apparatus for decoding encoded video data, said apparatus comprising:
means for retrieving a set of difference values from the encoded video data, said
set of difference values indicative of a difference between coefficient values of an
30 interpolation filter and coefficient values of a base filter, wherein at least one of the

coefficient values of the base filter is a non-zero value;
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a conputation nodule for conputing a difference between the coefficient
val ues of the interpolation filter and coefficient values of a base filter
for providing a 25set of difference val ues, wherein at |east one of the
coefficient values of the base filter is a non-zero value, and a

mul tipl exi ng nodule for providing said set of difference values in the
encoded vi deo data; and wherein the decoder conprises. 30a demulti pl exing

nodul e for retrievj n sai d, set of difference values from.the ded vi deo

dat a; almhg nSBHC ?E‘t‘?rBPlaE%‘hg[]FTﬁ@F?‘L%n ﬁr@ar &é%l on filter

based on &Q%fﬁﬁﬁﬁﬁkkbmﬁésand said set of difference values

i nterpol ati on nodul e for reconstructing the sub-pixel values in a reference

frame based ometisdor recenstuktng sub-pikélvalueamia rdferenceciainelbaseden thtat a, and 5a
predictio r rformn icti,on of a block to be decoded
based on FW%P?8%%h§€?ﬁ@§é@3?58d%¥%8€ @g 22. A video encoder appar at us
for ergodi Ng RRaksB: ﬂﬁerfdhlﬁ’n%/é ﬂ&ﬁwﬁ@ﬁl !éﬁﬂﬁﬁmkft@se anpacdbaed oM gured to
define an interpolation f reconstructing sub-pixel 10 values in a

refer encefepﬁmctedﬁeb-@mﬂ?ﬂees nt er pol ation filter conprises a plurality of
coefficient values, said apparatus conprising: a prediction nodule for
perform ng a predi ction’of a block to be coded based on the reconstructed

sub- pi xel 19.a@h¢epparatus aogudiag t®claii® 8, whdrein thobaze filteghs ablhfatityasice bet ween
the coeff hl%hgrn éoefﬁcients represented by further coefficient values, said apparatus further
10 comprising '
means for summing said set of difference values with the further coefficient

values of the base filter for constructing the interpolation filter.

20. The apparatus according to claim 18, further comprising

15 means for entropy decoding said set of difference values from the bit-stream.

21. A video coding system comprising:
an encoder for encoding a video sequence, the encoder configured for defining
an interpolation filter for reconstructing sub-pixel values in a reference frame wherein
20  the interpolation filter comprises a plurality of coefficients values, and
a decoder for decoding the encoded video data, wherein
the encoder further comprises:
a computation module for computing a difference between the coefficient
values of the interpolation filter and coefficient values of a base filter for providing a
25  set of difference values, wherein at least one of the coefficient values of the base filter
is a non-zero value, and
a multiplexing module for providing said set of difference values in the
encoded video data; and wherein
the decoder comprises:
30 a demultiplexing module for retrieving said set of difference values from the

encoded video data;
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15 values of said interpolation filter and coefficient values of a base
filter for providing a set of difference values, wherein at |east one of
the coefficient values of the base filter is a non-zero value, and a
mul ti pl exi ng nodul e configured for providing said set of difference val ues
in an encoded video data. 20 23. The apparatus according to claim 22,
further conprising a coding nodule for entropy codi ng said set of

di fference val rovidin ai.d t.of difference values in the
encoded vi deo ggﬁgﬁﬁ%g&ggﬁdﬁﬁég% 5&8?6@35%8%?H%W§”{§ﬁ%]&?%ﬁ%&,emmerein t he
coef fi ci ebhsevltenend efid o fdiffeenelvaliegn filter are adapted during encoding

of each image in the video sequence. 25. The apparatus according to claim
22, wherein t héninggelation glogpigdar feperstraciing thgswl-pixel valuestin gireference and t he

coefficie Lt !:_a% | | [ t.ed during 30

encodi ng g%m éygﬁﬁﬁ#&ggﬁrﬁﬁgé{%ﬁﬁﬁ 9@ dgﬂgépégﬁgéﬁgegg%g‘?%dng to claim 22,
wher ei ;i t he coefpidididtiontmathileifes peffointiag hasalidtiontofa bisukto bs degudedef i ned
coeffi ci egéﬁ%al ues for use inl?enc ding of the video sequence. 5 27. The
appar at us Srdnsigeenstrupted sibpixelkalyes n the coefficient val ues of the base
filter are adapted based on statistics of the video sequence. 28. An

appar atus for decodi ng encoded video data, said video decoder conprising: a
denul ti pl 8%iAyideoendaler appfarajuy fod ehandingar image ia sidee seqpknck, ffeer ence val ues

10 fromthe encoded video data; a filter nstructi on nodul e .fQqr

const r uct PPP@I%HS ?%’%&Plﬁ?gﬁ%fl?g%e ‘fq ’F’feéPOI_B%@’e%l?%ﬁ%’éreB%g'“?tﬂgt %’k"péﬁ said set of
di f f er@ncealMel MQSrefediRE Blathe! WhelRAStBe irltbripBlatioR FiRE! SRSprivcPh Pluddlith ¥ f Of
coefficient values, and at [ east one of coefficient valuesS is a non-zero

val ue; 15&eeffigiertyabieat sashanpatitsecomprisingc onst r uct i ng sub- pi xel values in a

f f [ lation.filt t ded, vi d
Gata, and | ERRRER AT HIRRAE e icen B a SRR ABERBRF b ook 1o
be decodeon brRsechnettudtbesubesiadistatues ed sub- pi xel val ues.

a computation module for computing a difference between the coefficient

15 values of said interpolation filter and coefficient values of a base filter for providing a
set of difference values, wherein at least one of the coefficient values of the base filter
is a non-zero value, and

a multiplexing module configured for providing said set of difference values
in an encoded video data.

20
23. The apparatus according to claim 22, further comprising a coding module for
entropy coding said set of difference values before providing said set of difference

values in the encoded video data.

25  24. The apparatus according to claim 22, wherein the coefficient values of the

interpolation filter are adapted during encoding of each image in the video sequence.
25. The apparatus according to claim 22, wherein the image is divided into a plurality

of blocks, and the coefficient values of the interpolation filter are adapted during

30  encoding of each image block.
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20 29. The apparatus according to claim 28, wherein the base filter has a
plurality of further coefficients represented by further coefficient

val ues, said video decoder further conprising a summi ng nodul e for
summi ng said set of difference values with the further coefficient val ues
of the base filter for constructing the interpolation filter. 25 30. The
apparatus according to claim 28, wherein the coefficient values of the base

filter coRpriwse fi . fficient,val ues f use in degodi ng of the
vi deo squg'nrlgie. ap%& g@.acgﬁgln qgé:{raérﬁ& : gg%rgpxéﬁﬁgoe?tﬁmg?ta\{a:l”eﬁgf?% in the
coef fi ci effiltevednusrisepredefified e3cfigiohtatalu@B féri sk &f ertb@in@@RMHeaddey!r i ng decodi ng

of each image in the video sequence. 32. The apparatus according to claim
28, wher ePY YR vi deo image is divided into a plurality of blocks, and said
retrieving is perforned for each bl ock. 33. The apparatus according to

claim 28, wherein the coefficient values of the base 5filter are adapted
based ®n 27 dlhesippemtusiactdrdingitd elaira @gpwheein thd docfAcienrpitics bf frddadl e medi um

enbedded with a co t er . progr.am havi ng. programm ng codes to performa
met hod fo?ﬁt%?%&&%ng‘ﬁi’?é@%gn ﬁ%tl%fl%ogé‘}?‘%%%@cesai d net hod conpri sing:
10reconstructing sub-pixel values in a reference frame with an
interpolation filter having a plurality of coefficient val ues;

per f or mi ng8.pheapmaritaniosdecodingaicodal videxdaladaidaddab dunoddreompeisingt r uct ed
sub- pi xel values; ... . 0 i n di f.f erence tween the coefficient
val ues of sai agFlﬂPléllpb%f%tl%‘}}ﬁig?ﬁ%‘% é’ﬁﬁet'&?)‘gmﬁé?t&%ﬁlﬁ%??%é’a Sa base

fil teIOfO&oﬁfm&bﬂédagd&icﬁgﬂaﬁf di fference val ues, wherein at | east one of
the coefficient _values of the base filter is a non-zero value, and

provi di ng sai dfiffet cogstregtionanedwiefoy gpustaicting amintapelatiorifiberdased on a

base filter and said set of difference values, wherein the base filter comprises a
plurality of coefficient values, and at least one of coefficient values is a non-zero
value;
15 an interpolation module for reconstructing sub-pixel values in a reference frame
based on the interpolation filter and the encoded video data, and
a prediction module for performing a prediction of a block to be decoded based

on the reconstructed sub-pixel values.

20 29. The apparatus according to claim 28, wherein the base filter has a plurality of
further coefficients represented by further coefficient values, said video decoder
further comprising

a summing module for summing said set of difference values with the further
coefficient values of the base filter for constructing the interpolation filter.

25
30. The apparatus according to claim 28, wherein the coefficient values of the base
filter comprise predefined coefficient values for use in decoding of the video

sequence.

30  31. The apparatus according to claim 28, wherein the coefficient values of the

interpolation filter are adapted during decoding of each image in the video sequence.
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35. The conputer readable nmediumof claim34, wherein said nethod further
20 conpri ses: entropy coding said set of difference val ues before

provi ding said set of difference values in the encoded video data. 36. A
conput er readabl e medi um enbedded with a conputer program having 25
progranm ng codes to performa nethod for decodi ng encoded video data, said
met hod conprising: retrieving fromthe encoded video data a set of

di fference,val ues; reconstructin interpol atjon filter. based on

Coef 11 o1 ot (ha b aomiiog b pafta 20, hecElatfe S Brossis bidaElm ves,
wher ei n aplurfAS bf BEkD hind §ifd FASEIiAEIsHREfonAbdIR? efdh BIH&. 30base filter is a
non-zer o val ue; reconstructing sub-pixel values in a reference frane

based on the reconstructed interpolation filter and the encoded vi deo data
Feconst rudb oo Rl BRI it 38, nr e LB G RARESBr BERR O of
cl ai m 86, filedre bdapsed Shse@bi odtidties bhthe BdBeu@es, entropy decoding said set
of difference val ues.
34. A computer readable medium embedded with a computer program having
programming codes to perform a method for encoding images in a video sequence,
said method comprising:
10 reconstructing sub-pixel values in a reference frame with an interpolation filter
having a plurality of coefficient values;
performing prediction of a block to be coded based on the reconstructed sub-
pixel values;
computing a difference between the coefficient values of said interpolation
15  filter and coefficient values of a base filter for providing a set of difference values,
wherein at least one of the coefficient values of the base filter is a non-zero value, and

providing said set of difference values in encoded video data.

35. The computer readable medium of claim 34, wherein said method further
20  comprises:
entropy coding said set of difference values before providing said set of

difference values in the encoded video data.

36. A computer readable medium embedded with a computer program having
25  programming codes to perform a method for decoding encoded video data, said
method comprising:
retrieving from the encoded video data a set of difference values;
reconstructing an interpolation filter based on coefficient values of a base filter
and said set of difference values, wherein at least one of the coefficient values of the
30  base filter is a non-zero value;
reconstructing sub-pixel values in a reference frame based on the

reconstructed interpolation filter and the encoded video data and
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performing a prediction of a block to be decoded based on the reconstructed

sub-pixel values.
37. The computer readable medium of claim 36, wherein said method further

comprises:

entropy decoding said set of difference values.
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