CCODI NG DYNAM C FI LTERS Thi s 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. More specifically, the invention concerns a
met hod for coding the coefficients of interpolation filters used to
reconstruct imge pi-xel values in notion conpensated 10 vi deo encoders and

decoders. The invention als di ng video encoder, -
vi deo decoder and vi deo tragéiﬁggﬁﬁiyﬁégﬁgﬁﬁﬁLjiﬂﬁ | ement the nethod of
t he invention. Background of the Invention 15 Today there are various video

codi ng standards in existence. These include International
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recommenday j ] , nat i onal ards Organi zation (ISO '
Mot i on Pi c%hé"%é‘ﬁ%ﬁ@?f ?@3?%5& %Efs’)"“é’iya%“dsgﬁ@g MPEG |, MPEG 2 and MPEG 4.

These \E deo codi ng standards are based on the use of notion conpensated
prediction_ 20 and prediction error coding. Mtion conpensated prediction is
per f or med Bigld elthepyensioand codi ng notion between successive franes in a

Vi deo sequencorange.heFRBRIAHEAd. IR Dlosksdsinadte mign.
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-par agr aphs. al video sequences, e ordi hary es recorded

on film ook sdeads@duaentieviddo Sishlissicrogesm ObtiapiapéRiFeachod 3
"frames". Jhe illusion of notion is created by displaying the franmes one

after the OFAEEIYPN-3 rel atively fast rate, 30 typically 15 to 30 franes per
second. Because of the relatively fast frame rate, the 1 inage content of
consecutive frames tends to be quite simlar, and thus consecutive franes
contai n a Badkgrdendbf thedmwemtionf redundant infornmation.

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 1s 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 pictures 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 after 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 array of inmage pixels.
In a comonly used digital video format, known as the Quarter Common
Interchange 5 Format (QCIF), a frame conprises an array of 176 x 144

pi xel s, and thus each frane has 25, 344 pixels. Each pixel of the frane is
represented by a certain nunber of bits, which carry information about the
| um nance and/ or col or content (chrom nance) of the region of the inage
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color variations, YUV color models exploit this property by using a lower spatial

resolution for the chrominance components (U, V) than for the luminance component
(Y). In this way, the amount of information needed to code the colour information in
20 an image can be reduced with minor reduction in image quality.

The lower spatial resolution of the chrominance components is usually attained
by spatial sub-sampling. Typically, a block of 16x16 image pixels is coded by one
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 16)(16 luminance block and two 8x8
chrominance blocks is commonly referred to as a YUV macroblock, or macroblock,
for short. _

30 A QCIF image comprises 11x%9 macroblocks. If the luminance blocks and

chrominance blocks are represented with 8 bit resolution (that is by numbers in the
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(16x | 6xg)+2x(8xgx8) = 3072 bits, Thus, the nunber of bits Deeded to
represent a video frame in QCIF format, Using 8 bit Dunber resolution per
conponent, is 99x3072 = 304, 128 bits. Therefore, the anount of data
required to transmt, record or 5 display a video sequence conprising a
series of such QCIF format franes at a rate of 30 franes per second is
nore than 9 Mops (mllion bits per second). This data rate is inpractical
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bandwi dth is ‘ghpi cally in the order of 64kbits/s. In nobile videotel ephony,
where 25 t 44" ssion takes place at least in part over a radio
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Al t hough the various Vi carren I n"éexistence are
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a video sequence to be transmtted. There are
EG-2 video coding standard is primarily applicable to digital storage media and
video broadcast and communication with available data bandwidths of up to about
10Mbits/s. ITU-T recommendation H.263 is intended for use in systems where the
20  available bandwidth is generally much lower. It is particularly suitable for use in
situations where video 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 typica]]y i 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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basically three types of redundancy in video sequences: spatial, tenporal
and spectral redundancy. Spatial redundancy is the termused to describe
correl ati on between neighboring pixels within an individual frame of a
sequence. Tenporal redundancy expresses the fact that the objects
appearing in one frame of a sequence are likely to 5 appear in subsequent
frames. Spectral redundancy refers to the correlation between different
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directional prediction process b rames are r nmed |1s denoted
by ‘arrows p&iliciioarde Brpi:mlly ecfpeed thesIEQTER-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 compressed 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 commonly referred to as B-pictures or B-frames. B-
pictures are inserted between reference or so-called "anchor” picture pairs (Ior 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 31b, respectively.




4 A schematic diagram of a generic video coding system using notion
conpensated prediction is shown in Figures | and 2. Figure | illustrates an
encoder 10 enpl oyi ng notion conpensated prediction and Figure 2
illustrates a correspondi ng decoder 20. The encoder 10 shown in Figure |
conprises a Mdtion Field Estimation 5 block 11, a Mtion Field Codi ng bl ock
12, a Motion Conpensated Prediction block 13, a Prediction Error Coding

bl ock 14, a Predigtiof: Ha er&%}?&lﬁ:ﬁgvgleg%égig'lg’éﬁ:ﬁemMﬂin%irggneo)ﬁi ng block 16, a
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of video cdHEPPIVNRE BOPAR compensated presiicionaad Figre dilbustglesasomespondingi ze t he
anount of i i j i1k on: i is the

di fference dgée(%gv?gg?f gﬁcégg?%ﬁ? bf% ?%\?}]téllrgﬁl(gy{/f&%@%?%c@g alﬁé]dag\sgp(eép?%ti on
frame Pp(xhock 1the MrtediFitll Godarg tdock 1 BrEMotion Qumpeaehicd®dedistidn®ibas: 15 En

X, =4 (X Az P (X . Th dicti f P , is built
l(JSi n;) pi xellgv%}){?gécufﬁl Egro,r éﬁg}‘"g&jf)ﬂ%dﬁ‘ f%pﬁé’erﬁlgt%éfﬁﬁmrrﬁgﬁ%m%%%%léga| Iu;/ one of
the previ ough¥ipkRARBIGRA 6 b FRaAL M%ﬂgg’nﬁﬁﬁ agﬁelef@ eledéac?&é?%ﬂf rane
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to above therefore represents the difference between the approxi nate
representation of the current franme provided by 30 the prediction frane and

the cupgent franme ifgel) :Thnqusjpn(gtg)ﬁqnt age provided by 5 (1)

The prediction frame F,(x,¥) is built using pixel values of a reference frame R, (x,¥),
which is generally one of the previously coded and transmitted frames, for example,
the frame immediately preceding the current frame, and is available from the Frame
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 constracted 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 between 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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vi deo encoders that use .notion conpensated prediction arises fromthe fact
that a conparatively conpact description of the current frame can be
obtained by the notion information required to formits prediction,
together with the associated prediction error information in the
prediction error franme. 5 Due to the |large nunber of pixels in a frame, it
is generally not efficient to transmt separate notion information for
each pi xel t ShE3 t he
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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,)) and

25 Ay(x,y) of a pixel representing the upper lefi-hand corner of a macroblock in the
current frame 7, (x,y) with respect to a pixel in the upper left-hand comer of a
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. Givén 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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frame (as shown in Figure 4a), the objective of notion estimation is to
find an Nx N pixel block in the reference frane that matches the
characteristics of the nacroblock in the current picture according to sone
criterion. This criterion can be, for exanple, a sum of absolute

di fferences (SAD) between the pixels of the macroblock in the 5 current
frame and the block of pixels in the reference frane with which it is

conpar ed. j RS Sinl " bl ock mat.chi pg;, houl d be
not ed tha}?gn?en@éener an,ﬁ%ﬁg%\ggéﬁi{;géayfe %{ %imll?f’gﬁtl?n?tbmdé t%ﬁﬁ%%& xaﬁd t hat
in the ref ghenbbckfin drnmefieente frahR\Battnatélees URECHR AR sAS §fAR¢ maBbbRcRb) ect s

can undergaq scal e changes, as_ well as rotation and warping. However, in
current i ntBIEAETERENCH REGORkRE ooy cstierivgiarldis crieden ean behfsexampler red t o

above, only &.tsabshitd i | i see bel.ow). and thus

fi xed rectangul ar ge]o{r'glec?{:f?/ﬂeflgs@sgﬁgﬁ)c%?gﬁetmIt%ﬁe%{?%g,Ofghr? “aarca%e‘#"‘i‘v@d“i'&% eve the
best ch&nceuokntframk agl the bhick lof pixets inied Rf@éndeiRmd wiemdneat fsr ame shoul d be
searched. However él_&?his is inpractical as it inmposes too high

, S a
conput at i orfSFPBEFAddMISgHOEsse 1sAneue gepenligps "hpdt maghingheltshonld bemegidon i s 15

general 1y R ched iR SohRelt deniBeblo RLANOMI B8 L Tbe Jegr L on O

the macroblock Tn the curre rane, as shown in re h order to

reduce f ur tfiwene ddweotdwoeitbeothe smhé,an réaMvariiedhians dan dEelgbaBa8thdnges, akr om t he
encoder 10 teg]the decod(gr 20, the notion vector field is coded in the

Motion Fi éYd ¥JaiaHG" BPORRPINE. cHOVRETJRCYHER! Ingmagpnalaifeesedingng it with a
ot i on 1gDdekandhrds Z¥ch B GioRE &?&ﬁﬁl’totajﬂgv% N EfaliOha n?tho!n%}fsqgQE nts are
re-expressed using certain predetermned’functions or, In other words, the
not i on vect(sge telawr )hndghusclpredgecttmghlan gebmetry iaficierdl nost al | currently used

notion vector field nodels are additive notiaon . nodels, conplying with the
fol | owi ng geneJg?ang’o?]rﬂjﬁ%f:to?%hlﬁl‘-'ell?‘ﬁgpfﬁ,cwc—e of fipfing amatgh, the whodlepf thy, |
LY(X, Y) = ZeR@fict Kafe shdil@ be searched. However, this is impractical as it imposes too

high a computational burden on the video encoder. Instead, the search region 1s
15 generally restricted to a region [- p, p] around the original location of the macroblock
i the current frame, as shown in Figure 4c.
In order to reduce further the amount of motion information to be transmitted
from the encoder 10 to the decoder 20, the motion vector field is coded in the Motion
Field Coding block 12 of the encoder 10, 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 corrently used motion vector field models are additive motion

models, complying with the following general formula:

25 8x(x,3) = Y 4 fi(x,) @
Ay(x,y) = Z b.g(x.,y) (3)

i=0




(3) 7 where al and b; are notion coefficients. The notion coefficients are
transmtted to the decoder 20 (information stream2 in Figures | and 2).
Functions f, and g; are notion field basis functions. They are known both
to the encoder and decoder. An approximate notion vector field (4x(x,
y),4y(x, y)) can be constructed using the 5 coefficients and the basis
functions. As the basis functions are known to (that is, stored in) both

t he encoder 1eOe and ﬂteﬂe dec?der 20, .only._the potiop coefficients need to be
transmtted 1 FrdPERcBEEPIP caslictents i Ths metengostiiciends ar Srarwies sn

iredt t 4h ti LnfQrmati t f. . Th i mpl est
ot on modiat SEB A nthdfu R SR i TR, ord o TR ot 8 & 27 onl v two
ffici i 3 [ t h . Th I f
ot on veer o s o 80 BRein I Ik eSO RUPl FEGR BERTHrods M TS The

e e L Lt

MPEG 4 to describe the noti pl xe ocC stens which

use a t bansbefficne andobd BaisMeakonsY PsRd bakiPRhERaPDE{cWh ®nhRL | on at
full pixel resolution or sone integer fraction of full pixel resolution,

for exanpl étoaed mipethdhe erngderglthanddhe geoader 26 volyuhi owtioaGodliicieptsadedt i on
f P i s constructed in the,Mtion Co d .Predictjon bl ock
rame (%o b¥ g@%g?&‘%ﬂ%ggn&%ﬁ% & USbrg,»‘(_hJCﬁ_lgl t?nganwngtioqsﬁ%} z at_}_orig%@iy?e A%n + oc

13 of the enco I's gl

AY(x, A 25 Irepredent Meabtivhiiofonbatied ofGadiamebl ock 14, the prediction error
frame E. (x, y)_ is typically conpressed by representing it as a finite
series (transfdifFaled satiopmershisibe varslatiopabmpbers moferwhighmgbies a

2-di mepgi o | i or. can be us The transform
coef fi Elﬁen?) giyat?eos %&gﬁncl??n(zge)% %ﬁﬂﬁeenp ?E)nﬁ?/lg]??f g&g@&{g Seegﬂfpﬁﬁgﬁ)vgﬁ%ﬁ%ﬁ bef or e
they are tmapigmivet®etts dre giviea bgecoder (information (5) 8

Ax(x,y) = a,
My(x,3)=b, 4)

15  This is the model used in ITU-T recommendation H.263 and 1SO standards MPEG-1 R
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,7) = R, |x+ &x(x, ), y + By(x, )] 5)

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
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stream 1l in Figures 1 and 2). Because of the error introduced by

quanti zation, this operation usually produces sone degradation (loss of
information) in the prediction error frame E'(x, y). To conpensate for
this degradation, the encoder 10 also conprises a Prediction Error
Decodi ng bl ock 15, where a decoded prediction error 5 frame E(x, y) is
constructed using the transformcoefficients. This locally decoded

prediction gLron ; i e rediction frane P.(x, y). by adder
19 and the® resul1{1| % %fjeﬁ%@ei%’ %ﬁé#ﬁ%?ﬁ%’]ﬁgﬁg} 1nftlj°§l>]<98d3}’)y qugnté{a IPE’J%Fn t he
Frame Menomoperhfiofi osuallypiditkes wse: dgridadion esks sfahRIARGEE) K 8 r&iction (X, Y)
The information stream 2 carrying information about the notion vectors is

10 conbi ned ™I fiRme ¥ dx 3t i lorcommsnsate e thisddgratdatiom, tereocoden 1falsbi pl exer 16

and an information_stream.3 contajni nlg t}l/gi cally at |east those two types
of i nf or matPBRTFE a Rigdiction EppeDgerdiag blogl 15, Twkere pdeended pregictiansoer espondi ng
vi deo d cog.er 2 i I.I. now be described. The Frame Menory 24 of the decoder

N
20 stor8s raﬁ?eegif%mu’é)l § cpRypistedrusiedhe ¥Bnﬁfmﬁféqfﬁ%§emﬁ-aﬁﬁisﬁ@ca(ly dggadethe
dicti P! N ted.in_.th ti t.ed
br edi ot 1 on SRR T fralkd® MBI EEa0R g 4 o yRueTH 18 Sngding
received nption c efﬁfj]eiéci enth}énfor?r@ti on and_pi xel values of the previously
reconstructr%%qnegfcgerc% Fupeghiampe QX 1) 1s siored iy the Erame Memora b fos fsther
ffici f.th di ct.i f E. , dinth
coeffici emﬂ%ﬁ%‘heaggtorgfeﬁa{cg%ﬁ% grrzlr(?r ranme (x, y) are used in e

Prediction ror OV)ZO construct the decoded prediction

error frame E( Xk J Of kN6 ent..fra . (X, y) are
t'hen reconstrug%?%ﬁ%?&@ﬁé%hﬁe p e%@?%%%ﬁggﬁuq@%mﬂ%%v%ﬁosthe decoded
pr edi cttPon cemboredfwitinmfdenation yhout the predichdn et in@aliiPleterd6 dnd.any) = Rn [x +

Ax(x,Y),Y + AY(X, + k (X, . 25 (.6),, This decoded current frame nmay be
stored in t'?érr&?téqpeg'ﬁ%'ﬁ[#?’nﬁaz&gg t}(mgzl}yez;&leas}@pger@wdgpqsrq{@fomauw,s y) . 9
I n the desgehbinidebddyalpi on conpensat ed encodi ng and decodi ng of digital

video presented above, the notion vector [Ax(x, y), Ay(x, y)] describing
the notion of Thewperation otk comespheding videntdetadan®0 will how dsplesdribkd. t he

reference fra R (X can i,nt.to.a of the pixels in the reference
frame. This nggl"#g 'Flr%{g? }QFBH‘}S A4 E;gf%qoder stores a pre\elously reconstructed
- 15 reference frame R, (x,y) . The prediction frame P,(x,y) is constructed in the Motion

Compensated 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 EB (x,¥) . 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,(09) = P,(x, )+ B, (5, ) = R [x + Ka(x, ),y + By(x, )+ B, (5, ).
25 (6)

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

reference frame R, ,,(x,y).




5 frames of a digital video sequence can only be represented at a
resolution determned by the imge pixels in the frame (so-called ful

pi xel resolution). Real notion, however, has arbitrary precision, and thus
t he system descri bed above can only provide approxi mate nodel ling of the
noti on between successive frames of a digital video sequence. Typically,
nodel I i ng of notion between video frames with full pixel 10 resolution is
not sufficient urate to al|ow efficient m.nimzation of the prediction

| [
error (PE) inf dgﬂg?tc S Rionsd matey cprpsneatedensadipe B ercoding ¢igpgtal Ther ef or e,
t bl del | J. f t t g .hel d th
o onebl e SR REaks oAl Bl el T o1 P LaREL R ASOHCS, the
nmany video Ef:zﬂgdrﬂﬂocﬁﬁlatﬁg@ﬁﬁé}t%&%@?%ﬁ&tY(?ﬁ]te(?éi%retnge ﬂQha@tR"(k,’}Qgﬁlv‘een"

i mge pixels. In other words, 1 Ion vectors can have pi xel "

resol uti on.pofthte®wh NGl B bR i e6d REGedR MAYE ThEUheds Xek ARaetdeA adds to
the conplexity of the encoding and decodi ng operations that nust be

per f or ned, fE#ngstoljagligital videg degispegesmuanly be Faprisentediat aiesgolotionfletspainedl

resol ution i V or have. vi deo di ng, st andar ds, such as
t hose pr ev@c}%fdf/é)%%é’ﬁ%qoH’etg?%%é?ﬁia(g%Ff@é%gﬁpyl’%e?fegﬂﬁlﬁﬂm' gﬁe”&/g@%?’s to have
ful'l-, hal fhovave2 QagiitBitizey pRti, HRBOL tHe@fsteMtek@be@Sbbv@tdnmiy t h

sub- pi xel resol ution can be inplenmented as a two-stage process, as

i |1 ust rat edPridaaPRIRERtamgdelisg pbtheimptimndiehuecen sueesssiye fawes pLa dighalo codi ng
schene in J i r A ull - or hal f-pixel .resqlution. In
the first V@?@&eagéﬂﬁgﬁ %ﬁ&@@c’?’&%ﬁgg?ﬁg’o&u{‘ F?%"ieﬁ%r”a‘%ﬁegé“pé‘ﬂ? iwdﬁ) ﬁg PEEt er mi ned
using av appsdwidnt aoPmfiEithtDNacaiatdmidlon dhbieBminsmiatias of the prediction
bl ock- mat chi ng ﬁéo_c ss descri bed above. The resulting notion vector,
havi ng f ul |5 48F) ipkapriien aworiated wgilneach nciblecksr fiame: fhesséueida st age, the

noti on vectgrydeh St Ui ' fj j ' ' he '
desired hal -apfléxe re@g Swgﬁﬁﬁg#f?ﬁag@%%p%gﬁfl?%g@gfEeh%é}nﬁ |8€}r)% 5, this
is done bynfoomaiimgthet ghst beavansaitedhrdih endcglenfo deboder, ifapy wdks codilye | ocat i on
of the top-left 30 corner of each bl ock being marked with an X in Figure 5.

These | ocatTBKerdseEoYdRaudvectoes fomoit " betwagn™ imapgo pixelgy dp gther &ﬁ@sn can
take the vahdgRtiod veloRNEn hdve '%B—pmnﬁrsolillgof. CAlEW no?l\t’:i:]&favei% 1 E/Otal}a&g 5 AS

only the pixel values of original 'image pixels are (for
~exanpl e, | wwbrmaxal eesahdionraddhioght nemplexitpbiiths enofdinghandsddeoing @psratioesi di ng
for each_of th i ne\g search

gf OEELT -pi Xt%zlat rln?s% gt ip(e)r orrx"]ierd(,aséa i tisl s z?(grantageous to limit the Segerle g{“ spati
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 resolution.

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 +m/2, Ay + nf2], where m and n can take the values —1, 0 and +1, but cannot

10




usi ng sonme formof interpolation schene. 5 Having interpol ated the val ues
of the sub-pixels at half-pixel resolution, each of the eight search

bl ocks is conpared with the macrobl ock whose notion vector is being
sought. As in the block matching process perforned in order to determ ne
the notion vector with full pixel resolution, the macroblock is conpared
with each of the eight search bl ocks according to sone criterion, for

exanple a SAD. As a result of 10 the co risqns,. a mni num SAD val ue wi |l |
general |y B8Z80t%Hfedmeidpend? ARYd PR Al O BBaL HESFBICHTTS KOOHR vi deo

v BE AT ’ . ion.specified b
sequence, kil S, fsESPETMA] yf?xﬁg\ﬂi%hﬁg %F?l%?glgﬁnge Mﬁ%sp% 1s4h g%‘?sc' | €d Dy

the original notion vector reso ion), rit may

cor r espond resading boldk-piaal Incationg age dstihfatedifsetach @f el gho new Bhatsh bldcks, s

possible to . deterrP ne %Mneth r.a sarzgtion vector should point to a M -pixel
or sub- pi x&FMESERE R OhBIEPRYN SGEME; xel resolution is appropriate, to

determ ge the ¢R{BGhieRHIatRs ﬁﬁlvaiﬁ%kmeisg?-é)g%%: ée}?l 16 QhsoldiBnPERR bk Ce. the

estimation of a sub-pixel value in the re rane is perforned by
i nt er pol at itheighicscerah bock$ istdeenpsdsl witl de mhacooblsck whesediotgpnpick®lk isval ues. I n

general , interpolation.o sub- pi xel val ue Fft sityated at a non-integer
l'ocat i on Z&e]fntg,soﬁ}gmfgfﬁ‘ tE?i&!OCEimfﬁﬂﬂ}?g p@éﬁsst?@ﬂ{oﬂ%i%ﬁﬂné’crgﬁ 9 etﬁmme%‘e

t wo- di Mensingfialn WBRE AithARN piXe? Ri6RABHAH: IBERSIRKESAlthparabwitlizhctofthE (X, ¥) =
| Ef (k+K, I +L) F(n+k, m+l ) k=-K 1=-L (7) 25 wheref(kl) ‘are filter

coef fi ci entesghtpepreh bincksmcaedingdpapmedriteyiony foneaamplg 28 Adhds a ressdpdct i vel y,

to integer .val ues.. Typicall %filtet coefficients are dependent on the
X and ¥ vAVCRITRROTha TPREB SR velhe R eeiecall e shudind ,DaBEseIcay
"separ abl e the hdt8feSf thd Motidhincle GRRS Sé(ﬁﬁnai X85 mifihden FARY nag 3BrBPosa! cul at ed
as follows: 11 K=1 K=1 F(x,y)=1 f(k+K)Y f (1+K) F(n+k, nn+1) " k=-K 1=-K (8)
to the location specified by the original motion vector (having full-pixel resolution),
or 1t may correspond to a location having a half-pixel resolution. Thus, it is possible to
determine whether a motion vector should point to a full-pixel or sub-pixel Iocation,
15 and if sub-pixel resolution is appropriate, to determine the correct sub-pixel resolution
motion vector.
In practice, the estimation of a sub-pixel value in the reference frame is
performed by interpolating the value of the sub-pixel from surrounding pixel values.
In general, interpolation of a sub-pixel value F(x,y) situated at a non-integer location
20 (x,y) = (ntdx, m+Ay), can be formulated as a two-dimensional operation,

represented mathematically as:

K=1 L=t

F(x,p)= >, > fk+K I+ L)F(n+km+1I) )

k=-K I=—L

25  where f{k,}) are filter coefficients and »n 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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The notion vectors are calculated in the encoder. Once the corresponding
notion coefficients are transmtted to the decoder, it is a
straightforward natter to interpolate 5 the required sub-pixels using an
interpolation nethod identical to that used in the encoder. In this way, a
frame followng a reference frane in the Frame Menory 24, can be
reconstructed fromthe reference frane and the transmtted notion vectors.
Conventionally, the interpglation filters used in video encoders and
decoders enpl oy f@xgggtjE%ﬁfﬂppgﬁgggkppgijhg@smqqg t he sane filg ro(i.e.
the sane type of filter g wth tfe samefiltef coefficient valu %% IS
used for all franmes of a video sequence being coded. The sane filter is.
further used for all video sequences, irrespective of their nature and how

t hey were i [ tur . di.,("Adaptive Interpolatjon Filter for
Vot on. Cormaatieligh vbEBRlaHE e ERhet shRoBH b ST et °( pcs
2001), Seoudeffitsenteare hiisniited08he ddoBRORESa bRAgMERwaAld InBk@ O Miabbrr filters
with 15 adaptive filter coefficient values, in order to conpensate for

cert ai m° shiieredHicdFubipixels wanganieicrpoaiiorgmpthod adapticalito Haat usasuindlre,  Wedi

descri bes Q%}rg ir A8 i i : i Sition process e finite
resolution o dglll' F‘g%%gﬁ%ﬁ%%ﬁ%gog?’ %rﬁr%g g(r];]e The W&e@eﬁz’éﬁl? M%Wr%?&’t he
t ransl ati ocal bawetorucid Gloni heredttsec adtietand MR tratsp Bt Gl h OBV e S -

Aliasing in a video inmage arises due to the use of non-ideal |ow pass

filters (and 20°pvnéienilbntheinternalation filisss usst in midlempnendsrs Bddscodess Theor em)
inthe im 1St : l asi L,sturbs, mtion co nsat ed
predicti ongﬁll %Oﬁ'ﬁﬂ&? Eiehtet? égélg‘gtg‘gaﬁ%eﬁéléh g}ﬁed gé ]|e\(/ﬁe1§er 1i'es"zth‘? %m%%pygaafﬁﬁ%rnm

pr edi c19 onwéthrtbe sanonfiloerentficikne vilued) ieuscAmecilbirafeDdf 4 Vide@bdgawrd notion
vectors (e i xel , .one-hal f pixel, or _one-quarter pixel) and the

., full: ,
ability of byl cpdesh The s lterio fyraier wedctor gl videp peaiisReCSoHTesPEFENE DNt al 25
and verti cge; i : u i i s al so
Gve 11 se T TalRe i o Ry e R AR EAE  REE C AR R RT
proposes t Fdter &r MopomnUempensated i ool Viglee CbilimiggMiytucalodiag Sehpesiad by

adapting t I rocoefficient _values of an, interpolation filter to
conpensat e E?((‘)é b{)(ﬁé %?fd\? l{%ﬁ% IARﬂ]égpb’ PERORSS RS wse ol intsmelatigndiftersiulai ng,

fi nite150t h@ptive EleF cdUBGERIVATeANH okddhitd EShYskdithyccPibin BSrik&aRet ff | onal
motion 30 nodel. 12 More generally, it should be appreciated that since
t he nat ur etheridderendag motsss.ilopartphilarhi¥ ediotesaibey hAoweadiasing &n thedwegess equence,
the optinmal _int rrpolatio ff.ilter }/:iuie S, 2 . ..

~acquisition process, the finite resolution ot allowed motion vectors and the limited

validity of the translational motion model introduce additional prediction errors.
Alasing in a video image arises due to the use of non-ideal low-pass filters (and

20  consequent non-fulfilment of the Nyquist Sampling Theorem) in the image
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 model to represent only horizontal

25  and vertical transjational 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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function of tinme and inmage |ocation. Wedi presents an exanple in which an
interpolation filter wwth dynam cally adaptive filter coefficient values is
integrated 5 into the H 26L video codec, nore specifically, the version of
that codes defined by Test Mdel (TM.) 4. TM.-4 of H. 26L used a
one-quarter-pixel notion vector resolution and a Wener-type interpol ation
filter wwth six symetric filter coefficients (6-tap filter). The exanple

presented in i .Rr s, adapt.ing the fjlter cogefficients, of the
Phterporati on' £ BRBARE T BERR G Bpicdfucd bl incedft pabieatn Shrforctidiag « ne
filter 10 opefefmeicniasicantla {idas sequchéd)thd Gl thiti6lad6s BHEY vares 84 fe
information to the main video data. A proposal based on this approach was

made to i néMsden chemgsad dmags lecetiqiol MHedigwesents ap esample fin Whrehirdincal |y adapt i ve

filt | in Test, Mdel. f the H26L vid . This i
present od. HeRRESpaYRer §E Bt RE i RoNe & il EaLEo SeBR ent 1 1) ed:
- "Adapti §e ity @i 28Livideordddb€ mdr spddi REdHY, Bleudibichn @A eBddiegsyi on 6,

Vi deo Codi ng Experts GOU%F\/&{:/CEG’ docunent VCEG N28 Septenber 2001 and
"Mor e Resull€s MadddiMinve TM-4r93d]- 265 vsedri doneequattor-piegptiorsyestyy  Group 16,

Novenber 2050 o d P Rp e RE b AYB RYEE A PO BPRR el | ai ses

an i npor t afé-tipsfile). THO ek ahpleipiesehRd i ¢V apFiopdse hliging ey fikér dobgi@ngoded
vi deo dat a ztre_am and. al so has an effect on the error resilience of the

encoded vi @é¥redaterrolation filkes ga adranagby-higmedrapisciifiateptiahncasingthgditier ood in a
strai ght or . I - i j t .t hat..enpl.oys an

i nt erp(k'; at icgﬁfh lle tg’!rﬂ ﬂﬁ%a\r}%lﬂlgtg?%l ?(lg'g]qf) ﬁﬁ%g%&gg% fsl?(%:gl"ellf?{'% %’/té(fnlr}@stﬁ fete is no
need to i noidedelatnyA prifosatdhsedron thisaipprach ovak hewdé id mefude arfdseeifent val ues

in the encoded ﬁag vi&eo data bit-stream. The filter coefficient values can
sinply be PUEBPHEGn ket ity fyagnicalhraplivaillengogtisiapbrdlaesin Test Modelr wor ds,
in a video gcAhdd 1BYS&N ddiRk ' [ e vi deo

codi ng standard t hat elrrpl oys ﬂ?ﬂﬁﬁ%ﬁegﬁggﬂg giteiqg}l]t Olfv‘??oiag’%@?rﬁ%?héoef ficient
val ues ar e SndaysiiagonSeedr emtittedbt™d dapsive deterpolation FaeodarH. 26t Stdiyng to t he
speci f

[ [ he.. d. ,, 1 d 1 cal | d ' fil
oot 11 A5 eni o L6 SIS E Y Hep Codhi wmstie Crant (GE O AT VA on

relating t Geplehfbe D61 il Midre Yok biESo ehdoRh g4 AYes.
peri odi cal | epupdgtt ed (e.g. _orﬁ a 13 ﬁéﬁ@t@?@ﬁ%ﬁg&?ﬁlgr,fﬁﬁ irfgingcq:@gsari |y
adds to théanwlbtQusstiomp oV idee iCodingExperts €irvup (VCEG), document VCEG-

O16r1, November 2001.
The use of dynamically 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 video 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 dynamically 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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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 amount of information to be transmitted is generally undesirable. 5
Thus, in order to optimally nodel and conpensate notion, an efficient
representation of the dynamc interpolation filters is needed. Regarding
error resilience it should be appreciated that the way in which

inforrratio ut t he.coefficients d m cal ly_variahl e i nterpol ation
(1 per T o TP e HEP Dothi hEtar Dt 10 68 Dl S s ois b esenf)
suscepti bi |fi0tny t}féfvldéa%n%(ﬂ:?‘?() fRiRSRr 1 hﬁ@émtéﬁb&%iﬁg{ & Sodi

specifically, in a video coding systemthat enploys ynam ca I y adaptive
i nt er pol at ictficigriclyt dn Bw bl@ﬂrte@'tdepe:odmgtapphmallons ahy anchesaerm e amounddo
sequence at s reli.ant o correc eceptl on and decodi ng of the

filter é‘f“IPPB?te(th Sltrﬁgsgnmiefi o %eé‘eﬁln YIPHERIBIF r el ating to the coefficient

val ues 5s Subj ghius, iR ordef fPEptEkAlYISoddISnd CHRBRsERI AR, STLBRfGder to
decoder, corruptlon of the reconstructed 15 video data is l'Tkely. There are

t hree ways f@ﬂe@@mﬁngofﬁ@dtmﬂmmmm&lamm]ﬁlrtﬂrmmm from prior art. The
first is to en codet filter, c ficient ues s y. The
second is to etl{ %Q’ﬁylgc%’d’éf? ée"Fﬁ g?ouicg%ff ?RP&?%?{FX% ﬁ‘@é‘”ﬁp "@P&hti ally with
respect t o infotrhi@in eef the @b&ﬂ&ﬁn&%f@'dyﬁﬁﬂ%aﬁ?@@ﬁﬁﬂe fﬂtérb@l’éﬁox( ﬁﬁenqgoposed in
Wedi) and the third is to define a sét of |ters and code the I ndex of

the sel ect é@mﬁmltteérfron'mwﬁ@r tprdeppdea maysdfeat tlhe sesceptittliyaflthe Yidewdadtd or
codi ng,hnt .ents, as .mentioned above, all have
pr obl eﬁrg agéaggﬁ%%mggnoﬁsh olrle ?ﬁmﬁfcﬁ'ly’flgraevﬁ c0 ol YsiemhpY \ﬁobﬁﬁe first
met hod, i n dyharafeallpeddptiveimebalation fltels! edreePRIchbhG@RP ofL BameQ#8Fideo
separ atel y offers inferior coding perfor mance, since it does not utilise

any a pri GFAUPET @)trth%flﬁ’c@ﬁer(lﬁ f@wm PR EQTeRh Fecsplierband degeding ofiheyiltssded
|t orpol at caBkiht E112S PR Ph S0 MALNETL 1Tl TR SRED BT El

reqU|res an un ar ge annun ISon te" € encoded

vi deo bi t MEdmmmgnt@ﬂrdﬁmlismrﬂﬁ&Qrdnb@ieﬁ* nededobié eR@hioh @ the deb@istaeedif i ci ent
val ues. quere COdI ng of the coefficients, as proposed in Wedi, is
e, e S

effici FlypEhais ate f?lFPeewse o cPdingm ﬁlwrtcﬁefés@etsﬂir@wn from
transm ssi opoh#Of ﬁr§i ggfeﬁt%eﬁ e £0G7 B&-@geﬁ{ %19&%5%3@5 Gekr ect

decodi ng of earlier ter |C|ents revi ous cribed, if the
encoded vi dewndiis tcemtlegymoée ibulfjltec toefficieptrvabres dmfetraglalmlﬂf fgpdet &si on from
encoder to fqt%(r: 89(%0161%3 roE' uleeald(})frzleggdetdhfeite\l{sl ag%ro%%ggi 1}14Wedz) 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 vtilise any a
prion 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 m 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

14




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 fall advantages of using interpolation
filters with dynam cally adaptive filter coefficient values, as set 5 out
in Wedi. Thus, it should be appreciated that there is a need for a nethod

of coding ficient val.u of adaptive._interpolatjon filters that is
ot h ot £ Lol aapsERE A IR eI L BRI bo BERE, rbF bR Rr kbR il ¥ i | once
of the encogmdfinédian opfilters hfRades ohfy BuwFeRENcrRiieBEnd SRLLAMsHRE Present -
i nvention conbi nes the good coding efficiency of differential coding with

error resi CPEng pedamanes lajothswi 4, this opthen caseet dchieat thedplliadoamaewssf 1t i s
t herefore particul arl> ited . for inplementati in g videa coding system
for use i negélé’rngtrgrp%!ag}é]é PSR, walfyo?ﬂgﬁﬁﬁﬁg% Fée“gﬁglgﬁscé‘ﬁlé vi deo

bit-streamousintiedie 15 transmtted over a radi o communi cations |ink
subject to interference. Thus, according to the first aspect of the present

i nvention, thedBus.dt Sosld kecwpeeciated thatithere ie pood foy aimmalyskof eodmedhgi t al
i deo se idi:ng. en e i at.a ein the digital video
\s“eq uence | g ggr;%fﬁfifseg{svﬁﬁ%\éé({% I(eiﬂgg%éﬁt%&logae%énﬁﬁgeﬁ%@?t '8 QSWE?L’ ?Ilg%a £oF ’Iﬁ ‘I)ta

plurality odadpbdeferivaikiossn tharetonheilRinde 8Nthk Bh&IIR@NRfeb BRt-difehiner having a 20
plurality of coefficients represented by a plurality of coefficient val ues

is used for reconstructing the pixel values in a frane of said digital

vi deo sgqu ded video data. The nethod is characterized by
codi ngaghegcﬂ}ggp%fﬁﬁetk???/‘é u](ebg of the interpolation filter differentially

with respect tdhe ppesentahyaeidnbasbires tiegoddeolidprfficianly offdigithenence
val ues, and 55 ad%}roti ng said _set of difference values in the encoded video
data so t h&PUPRt Iy petiict f5agneorllawas p 1o bF used inadl anyirpaments dhissai d set

of difTer eaideiil pificulaffiaith 295RH Hendhith RACRARE AR AR BrLOCHUI NG

encoded val ues i ndicative of sai et 0 erence v sai d set of
di f f er ence ewal peseiesvientmaypy facdentpldehat an badadgd vidao Siv dtteath if (oka t he vi deo
encoder.to,t he .\gggeo decaﬁder. 30 _Advané,i%geousl y, .the predefined base filter

has a Bf’ur HRPRRUSH oX A ¥ 9 EHIEIIRZRANE Gt SrRied 1Q PUEH Rl |y sinilar to the
coefficient val ugssOlccdlimg By PRl Abkabrithd preent fRention, 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 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
5 adapted to the statistics of the video sequence. Preferably, the
interpolation filter is symretrical such that only half the filter
coefficients arﬁlcoded dv nta%%ously, t he coefficjent values of the

i nterpol ation f fidvaiaggouslyote goehhcienisafthenierppladm fikerans selegtedsfior _
coefflC|enhﬁﬁgbggoﬁgfﬁxgp@ﬂwgggé L1 &@@18%%%§gwlapd the certain 10 order is

different fromthe spati al sal cients. Advantageously, the
sum of the coef fAdvhageousiyuis poédeﬁhed b dilyeo hat fixaad coeffictont valuéd. xed.
Advant ageousl vy, the gredeflned §P§e fjlter has a plurality of coefficient

val ues, and a udly) the predehgetbase dilton Baschpiprality ehgoefigisnis of t he

predef|51eda &1 bithd 8hti8Rs JPiRS; &&ég@éfﬁ@ the anplitude of differences
bet ween the@%)gefflm ent1 vg | ues (l)f tﬁ interpolation filter and the

coefficient val Be@‘e@blytﬁmlpﬂeq:abﬁuomefdtebascmﬁmémexl suchMheaoerdy hgif the: fillee second
aspect of t?g Er et'ssent ﬁenti on, there is provided a video encoder, which
conpri ses: “HafHEn 6‘?3%948 ding images in a digital video sequence having a

sequence of 20A\&vﬂﬁkegéoh@m&efceEfﬂ%{&\/bﬂh%ﬁﬂ@ie?agéarg odisEAndakecdddiiggt | ve of

the video sequence, each "frame of the video s nce conprising a
plurality e¢rtgm !@Eﬁler Vi edirstandiiveansalioto abki mieffician viaheeamidhatermm fi | t er

for reconstriuct of said digital video
sequeng@ iR e‘fr ﬁeﬁgfgméﬁ%%%auﬂg%&rﬁaﬁ %ne‘épr%ol ation filter has a
number  of coeffmemhgedw@r B 0IASF thY céeribibhtd)abdey opfheCiﬁ’i%Ho'lzﬁio‘ﬁQﬁteY%l ues.
25 The video encoder is characterized by neans, responsive to the

i nt er pol at iﬁé_ﬁdf! Iter, for conputing a di fference bet ween the coefficient
valves, o 3o NSHRRLENL DL e B PR SRE PSRRI L o
di f f er ence awdh uesstar vhine iesided esltheicdedicetak @alses ofdflc ﬁﬂﬁ&ﬁﬁéﬂ%a’é@ﬁﬁé}%r uction
of the pixel values in the decoding process is based on said set of
di f f er &ice 2% fgduce 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 is 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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16 Advant ageously, the encoder conprises nmeans for entropy coding said set
of difference values 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 nmethod of decodi ng video data indicative
of a digital video sequence conprising a sequence of video franmes, each
frame of the video sequence conprising a plurality of pixel values,

wherein an inter ' i ing a_ plural it f coefficients
represented by éAR%:aﬁl%%%%tﬂy %%%%8€%¥F%’ggﬂfeos\}%ffaﬁ%gmi&é?gﬁg%ﬁo ’E‘ﬁse}liﬁ%ﬁgtructi ng
the pi xel difdraes vatueabéforn®mlapfing adid seti Fidi@reded@Rics BABEREE dedREdEEt hod 'S
characterized by 10 retrieving fromthe video data a set of difference

val ues, sa #l2aset of difference values indicative of a difference between

t he coefficient p f inter tion filter and .a predefined base
filter; constr uéc?!r)\]gﬂ’} t? 13}9‘{ grrd ag\geictt g?h’%ﬁ%s R vesiog. @8&8 ]BPPOJ?‘%%& ence

val ues @andnieftiend gidedafingeidebdsa ifidititBic;ofanlgild vide6 eaflchaCdnittisitie 4 he pi xel
val ues based on the further filter. Advantageously, the predefined base

filter hasSeUSPER i vidsp Hamese gaah framap o Ethe vidsossquenedichyprasing uphirdlity obf
coef fici ent,; . . - ' f furnth filter .i carried out
by summ ngblsx\giﬂéagist’ ng?]% éﬁ ?fgr%ﬁ@éﬁ%ﬁgg%a&ml alf]H%aﬁ{ o%i;cfoieﬁcéﬁs val ues of the

pr edef i ned rdpassenteid byerphnaltyAscanifagen ushys isaabdios escoffiniiihf &egpicg val ues is
retrieved fromthe_ videg data. by entropy decoding. According to the fourth
aspect of tAUCHIELEHRC Pﬂ?ﬁéﬁilfligﬁﬁl, Videseguprcep (Idginrakipdis charaeterigrsdatier, whi ch
CONPI i $6S_Neans fikvihe &BhYhAGideo 6 18 B bt Laill Aol Ny rieeel ved
video data indicative of a diglital video sequence conprising a sequence of
25 vi deo f valwesindsative 6 adiffeainct betwded de Qe ffiidn @alaedPrthe imerpalapbar al i ty of

D Set of dTPLrUReURTALHT B ho bi - ot rcam means Tor constructing an-
R T st b T R
frane of t Reedpfigkdbbasefiltenand
15 reconstructing of the pixel values based on the further filter.
Advantageously, the predefined base filter has a phurality 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 is 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 filter
and said set of difference values; and
30 means for reconstructing the pixel valués in a frame of the video sequence

based on the interpolation filter and the received video data.
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based on the interpolation filter and the received video data. 17

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 neans for
entropy decoding said set of difference values fromthe bit-stream 5
According to the fifth aspect of the present invention, there is provided
by a video codggg_systenl whi ch conprises: an encoder for encoding inages

inadigital vi anfagrpuplyeths pidanglegodes glrerhae megns for gerominsypd s of
g . . . o Cndi cat t L4
Pequence. SUERHRE SR GTbEsldhel HhciEhf A (PGB Rl basedfier Joror i el

10 val ues, coimtrueticptherintegpolign THRAS Nt Gheatle firth fepRdedobingrsatd 2t bon fil ter
for reconstrgti ng  the pixel values in a frame of said digital video
sequence i SUEECTERSEIAUSE TgPbibE Sy streger ei n the interpol ation filter has a

pluraligy of fil ﬁ-&ﬁf' ! ed . rality.pf

coef fi c'lgents valp&:g{s)r, an%tggggggg%‘"{&&;@ ﬁgetéglﬂ\}ﬁyn%ﬁ? gi]%ﬁéo%ré%]&\%fjggg data in
t he Dbit - st vekocbdingkpstemcahiRhicofipkiegs:t he pi xel values in a frame of the

vi deo sequence in the decodin process. The video coding systemis
characterized i APERERTEE e@?@g’@&m?ﬂ?ﬁtlrhéﬂl&t‘é}fﬂﬂﬁ%%ﬂeﬁﬁﬁéﬁ@%@rseﬁ‘éﬁﬁﬁﬁti ng a
di fference gﬁmte I, r i i r j base
filter for Ogr@%)d\e? [ nggfgé e?{qg?ﬁcﬁ“ ? {?(Z%de‘ﬁ@%gé/%% ﬁleas?ipglﬁ%nég{dﬁgg% 8?@’? adapting
sai d set ofvidiiofstqueane eastaframs of thetHéedxeljuaice eamprising atphatlitytdigigecodi ng
conpri %85: n}aans for retrieving fromthe bit-streamsaid set of difference
val uesYand?Use dhgencgferche e peas fgr defimpg Heimerpelatan e dor sronshacting

predef i ned Rasiel Vahledin #BdmeldTSaiusi %iita‘f\(rﬁﬂo %gci_ue?{:]ee ﬁi;:jﬁI (ie%gﬁ’iﬁg?my&gy e so that

the reconstruction of the pixel values in ecodi ng 'procéss i s based
on the furmherenh thetisterpoltesefiltendaot phralitgaf fittesceeffiditras papesented bpvent i on

“will becone,apparent with reference to the foll ow ng description in
conj unct i oﬁlﬁwﬂﬁﬁgeﬁﬁ@aﬁp@ﬁvﬁ’r@ ‘drawings. It is to be understood,
however, that theiedsdifidscaiine Mskoash ﬁﬁé&{iﬁa_@{he%g-ét}&gm%fDOSES of

e

illustration and not as a definition of imts of the invention.
reconstructing the pixel values in a frame of the video sequence in 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 is 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 illustration and not as a definition of the limits of the invention.
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18 Brief Description of- the Drawings Figure I is a bl ock diagram
illustrating a generic video encoder according to pri or art. Figure 2 is
a block diagramillustrating a generic video decoder according to 5
priorart. . Figure 3 is a schematic representation illustrating the types
of frames used in video encoding. Figure 4a is a schematic representation
illustrating a macroblock in a current frane. 10 Figure 4b is a schenmatic
representation_illustrating a reference frane for block matching. Figure
4c is a scheidDescriphonalihedInaningy | ustrating a search region around the

iginal | [ . I in-th . f . _Fi [
chomnti c 1 opr SRR bt 0P BRI Mkt eobli Eleath AR ot MBE | mat' on

t o sub- pi xgkor&sol uti on, according to prior art. Figure 6a is a schematic
representation_illustrating an optinmuminterpolation filter. Figure 6b is a
schemati ¢ repr &8¢ Ad5 Plork fagramivsigatinge gaperiavided deerdsoregording thei ng
deconpoged ji-ata.the base filter and the difference coefficients. 20 Figure
6c is a schematic representationm illustrating the difference coefficients

to be coded aFikwseBis 4 schbmaticapestesitatibn Jlikeating the 8k 0f kaflefGtcd
illustrating, a term nal device conprising video encoding and decodi ng

equi prent  ¢MFAPEOBRE.carrying out the present invention. Figure 8ais a

bl ock di agram ig t j e rdi 5 ferred
erbodi ment. of FHE"orbec il AER< SRS AERRA A Qe Ao Bt
il lustrati fgme. vi deo encoder according to another enbodi nent of the

present i nvent ':Fon. Figure 8c iis a block diagramillustrating a video
encoderCaccor difigTe 6° {ict schemaiqieprespp st ramearsigenesdrms o blockon. 30
Figure 9a iguénihg ock diagramillustrating a video decoder according to a

Figure 4c is a schematic representation illustrating a search region around the
onginal 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 mto the base filter and the difference coefficients.
20 Figure 6¢ is a schematic representation illustrating the difference coefficients fo
be coded and sent to the decoder.
Figure 71s 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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preferred enbodi ment . of the present invention. 19 Figure 9b is a bl ock
diagramillustrating a video decoder according to another enbodi nent of
the present invention. Figure 9c is a block diagramillustrating a video
decoder according to yet another enbodi ment of the present invention. 5
Best Mbde to Carry Qut the Invention The encoder, according to the present

i nvention, codes filter coefficients differentially with respect to
predefi ned bas fllgg q q%;\,%Clents Figures 6a - 6¢ illustrate the nethod
according to t &mﬁ? PvERERBN ustEIDg arvidtoLsedgrecadingdo riethd Fi gur e

6a are repegdsihiht ¥EhObrdsAit ion filter coefficient values, each bar
correspondi ng to one of E{ Séﬁ ?ﬁ‘f&gr%coeffl cients. The height of a bar

represents theFlguefsﬁerstalbl’@:kodwgrbmﬁ]eﬂfatmg|auedeobfd’c6d@>at:@ﬂﬂﬁhggo ghove the
hori zont al resenting positive coefficient values, bars extending
bel ow t he ﬁ%‘?l’ elgﬁd"ﬁ?ﬂ@ﬁ JYSIPLMVERENE £ | ci ent val ues. Referring to

Fi gure $a and Figure 6b, the bar graph 110 represents 15 the filter that

t he encoder detects to be best suited for notion interpolation of a

sel ected i BagicModgtetarryiut thetlneehtdon gr aph 140 represents the base filter.

In the exanple sh in Figure.6a, the filter is a 6-tap symmetric filter
having 6 filter ggn?‘i‘ct?d%ggcor‘i"ﬁgtt%gﬁ TBSCBERYFTHIpN: frelcs ﬁﬁ?’é‘i’oeéﬁfé?rﬁfi cients

as such, Oﬂiﬂeréﬂifél]?'ﬁlﬁﬁ*e e pré(?tq}nlag ‘éﬁ@b&%@eﬁ% AL of InleL; ke ?%10 and the

base fllter 140 are coded and ‘sent. sent coeffi |ents 0 are shown
in Figure Sustrgtetthe mh‘éloprae@udmglmﬁmnresmt ingentihi. richedat prapbs plesaitaidd si nce

th d diff o] ded f tl th t
coder . T RN e PRIPSeELe G IGROLE FHEN OLeoH VaNCB e vi deo |
bi t - st r eamcphr@pundide BYore d’ﬂtﬂ@ﬂltmﬂ%mt@“ﬁhe Béi@]t\ﬂf dear Ra'pffeséﬁt& gamis

transmtted fromthe encoder to a correspondi ng decoder,

coef fi ci enfespegtivelgectiisicat b@u@thatﬁrﬁmmdu@ahpm ﬂtﬂdlmnomnhamm@maemtngt he
decoder by | di ffer encoded bit-stream
and addi nng) ﬁﬁl}é f{lﬁeﬂt gﬁleg’cqarﬁl%x I ?‘?1 3%? ﬁ‘i’féﬁoﬂ 2GF 19681 edef i ned
base filtekcodtieieatvdliest h‘@féiﬁﬁ@ﬁﬁ]*‘}gufé 6@53@‘#1@111@%b”&%%@r Ehph 1idRpbasqsfil ter
can also be adapted to the statistics of deo sequence and received

filtor Tooths i@k theeneodariietectsip rbé\béSttShéedtﬁm unnglon interpolation of a
selected image segment, while the bar graph 140 represents the base filter. In the

example shown in Figure 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 sclected filter 110 and the base filter 140 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 terpolation 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

20




30 efficiency. It is also possible that the base filter is predefined for
the whole codec. In other words, the sane predefined base filter is used
for all video sequences to be 20 coded, irrespective of their
characteristics, or the way in which they are acquired. Alternatively, the
base filter is adapted to the video data, i.e., different base filters are
used for different video sequences, or the base filter can be adapted
during encoding. of a particular video sequence according to certain

pr edef i nedc?dpdelstespretive phideprichpiapterigtiosy pifbe piag in abichibnare sc@igdr es 6a to
6¢c, only hal 0, i b ers can
be obt ai ne%]tgm?a 1Vélgeth£ 'b!aﬁteq{] eﬁ?s fc{ah d tg%e v@se ¢ %1 r%;hq)as Pﬁer %ue anount

of infor nahs&ﬂrfoﬂ&léﬁﬁ-ﬂlt vided eafuRB ] of tme b@@eﬁlfdr @mené ada\beédttﬁﬁangfen&ckm@d aptive
interpolatiogn filter in the encoded video bit-streamcan be further
reduced by°f 2Bwtisplagvidepsequprccackordngtogadap predefipedyulesoef f i cients are

| dent i C5'1| to 1&'{5@39?91%' grlﬁ%(n\étﬁchg ?Hoq;\m %ﬁg@’?g?%tso%c Pﬁl&%ra iC??I];Jf' érent S-

Thus, in this case coefficrents |on |Iter can

act ual | y beodfidiemitslyed forteecoded UEhe ofhbe cah b8 bbtafr&ﬂquse@?jnag.l wethefexifiple
di fference betm%fn the first interpolation filter coefficient and the
first coef PTespd mgfighsdcpthe aarquneel pipsmaioen peded {repecsen tbe pehidgdnt at i ve

O 10 o0t VABEEE R, BEIRE LG oE6 9 LELRRA L, b limagibl cf ent and

t he second 15 coefficrent o ase e third

repr esent atfirter nefdubdfﬂabyirehﬁanglﬂm thd)eBhV\‘EtE and 6@ filkdr cdeftinicatspod Rlenidoal fo | t er

coeffl ent andtrethl({ ‘ﬁ fIC ent of the Tﬁredeflned base filter. It is
KEd 8 f

t hen o y Frspedivgpythe gr 1%‘ HisE cosffigisntgi Thus antis cape thesX n t he
ded
encoded vi Qéé{ﬁ@iehfs%ff 'ilf'e%m S kG Lah 5&%]@5‘%&?}%{ | Ogt%‘éf%'i%s tRSh rTshe

decoder can obtain the re |n|ng three 1 nt ter éoef Icients by
appropri at eemé)sentnpye n@theﬁlﬂfehmdemmisremhheﬁrm etepshtioc filier édefficentanef f i ci ent

val ues. f the base filter .and
i nt er pol at ?‘bﬂﬁlfﬁfa ?%eiﬁg ﬂﬁyit %a*’ nres?ﬁ%ef b g1 gthe sepond Femessainbse 06%
coef fi ci enuﬁferai&b@ﬁeeeaeu@iécbﬁd ﬁﬁ}é?§MHBi?hfté%|efﬁd16htfaﬂél theGRséhd it should be

appreci ated that the nunber of erence values to be coded is (n/2) +1,
wher e |1|5| s CO@flﬁélenLWﬂibvf prsilefiunsk ase fidtar and the thiel fopreeerftativieerf thediflersotat i on

filter. d accor rese nti Iso be
conbi ned WI eggﬁée "86‘&?@0%“8%“868? gd@e E’#’ﬁr"“ﬁﬁﬁf?ﬂ?gf % set of nost
frequent |y pusieflnéd bdse fitet a1 idBen SRk ﬂé@élzsﬁ@do GRURR thoke @b UiffapsiRyes. Less

frequently used filters can be coded with the described invention allow ng
maxi mum vaveREes Bribe gneaded idsp batiiteam transméttedrftbm lsagaslgy to decoder, as the

decoder can obtain the remaining three interpolation filter coefficients by appropriate

20 copying of the first three reconstructed filter coefficient values. A similar approach
can be adopted if the base filter and interpolation filter 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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overcom ng the previously nentioned di sadvantage of the third prior art

met hod for 30 coding coefficient values. 21 The coding order of the filter
coefficients does not have to follow the spatial order. For exanple, the
di fference val ues representative of the interpolation filter coefficient
val ues need not be included in the encoded video bit-streamin the sane
order as the coefficients occur in the filter. In this case a predefined

rul e specifyin order _in ich the difference val ues appear.in the
bi t st oam st EEOREE PHEEOLE DERGUIESTBA0R BBt BlE dboTeer 1t i<
possi bl e t Batert Per Ha Ié igthet &Ffefeﬁc@gﬁgéﬁgglteg nttzm?ve o?ﬁﬁ,’ %Jllﬂ diffilter

coefficients of_ t he ter st transmtted
filter coetbéfficent valseslme@aot ichaolutiékin tbasmoﬂed& tmelr—zo boefrtimiie e satlee second

basefllter oeff.iciept.can be decreased. This is 10e ially true if the
sum on t he T4 A& eEgEciisofcur ﬁns‘ﬁﬁﬁﬁﬁh?“ thyg5asap piedefin %‘gﬁﬁwl YiRg filter

coef fi c§entig dided in%@8fch e BHSEnE »Ca"l’&%’ BF&?Eﬁt}%%ltrE@realﬂqﬁﬁist HQ d‘éﬁﬁ&! ddae | ast

filter coefficient, but it can be calclUl ated by subtracting the sum of the
first coefknewnte bothreomdehend dtcallesum |1f the sum of the filter

coefficients is, .not separ at el mtt.ed nstant .or constants
can be added t3 lﬁﬁgs%@igﬁm? hethase ﬁ@efdaé#ntiff Aberegeived ltes qog gt pht t o
reduce t he gagabid fees ref eﬁah?plé:qg{hﬁ:'fﬁbﬁ%sﬁ!tfeﬁ?ﬂfépE&sfﬁmeﬁ:t' i#WYrBerind GE€NtS a

term nal device conprising video encoding and decodi ng equi prent that may
be adapt ed begse l‘élﬁfércacféiqmt ah@wdmhbae\ﬁlwhwdfﬁmpmmle it deereasetli Bims is Mor e

precisely, ustrate tigpedi a.term nal 60 inplenented
accordﬁ!r)lg efpe% a“%u?etj JA’ '?‘?girllt Offﬁgeﬂltﬁb';kt"@m nal can be regarded as a
mul ti medi a 20 tIrmengeltuegmﬂ@ytneqntelrt;oéfﬁeiem}ﬁ§ﬁﬁ:é@ﬁﬁ?mcﬁ 4 Hdd, th@Ridsie, encode
and mul tiplex nultinmedia data streams for transm ssion via a

comuni cat Reestorredadiadast{dtapepeffigient buiw parsbe ¢adculatedby pwhdracdeg thelstiml ex,

decoce and At aIE R R, T bl LR g o0 524

r ecomrendatfixedsa sdpaﬁategptte;ﬁsmxttb@c@ﬁwnabf Sohs@htsichf bY addeaUs OBt ifteent parts.
This 25 kind of nmultinmedia termnal can be used in real-tinme applications

such ad® c&heibicieats aihe Tlierqudns te ploag the smpligiies efithecpaificigppiliffesenicens such
o e LT oY Bhnf g Pl SR SEAIT nd 8B
“equipment that may be adapted to operate in accordance with the present invention.
More precisely, Figure 7 illustrates a multimedia terminal 60 implemented according
to ITU-T recommendation H.324. The terminal can be regarded as a multimedia
20 transceiver device. It includes elements that capture, encode and multiplex multimedia
data streams for transmission via a communications network, as well as elements that
receive, de-multiplex, decode and display received multimedia content. ITU-T
recommendation H.324 defines the overall operation of the terminal and refers to
other recommendations that govern the operation of its various constituent parts. This
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 also be noted
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In the context of the present invention, it should be appreciated that the
H 324 30 termnal shown in Figure 7 is only one of a nunber of alternative
multimedia termnal inplenentations suited to application of the inventive
met hod. It should also be noted 22 that a nunber of alternatives exist
relating to the location and inplenentation of the termnal equipnment. As
illustrated in Figure 7, the nultimedia termnal may be located in

comuni cat i ons t cannected tQ a fixed line tel ephone network such
as an anal &@&éﬂp%%ﬂpéﬁ Smalves e elgtingiod pr satioksndompicmeniatian of theise the 5

mul ti medi aid&f1Rekipine p '1@1%?:‘3 th 1 TUT
recomrendat i or115 Vail]8]p A %’ otp?}tﬁ:%g rg?’gﬁgm%mgﬁggérﬂr@ﬁﬁ% br% t he
mul t i medi alodagadri n@hm;cabmmnnm&rﬂdoMc&ﬂ tex feedahe dadiohe Efé‘t&roﬂi)dem

enabl es conv rsi on of xed d| ital data and cqntrol signals
produced by"§ %g Phngh Oﬁ’éﬁﬁgﬂk W“‘PIWE‘ eéqii’hali*F‘aNS'd(Pék} &t thisease s e f or

transm §si oRuigMediakdmimapidbqu peﬁ'%%ﬁmﬁ&ﬂ% € ﬁl?&mg‘ YTt d' a term nal

to receive data and control I'gnal' s 1 n anal ogue orm fromt PSTN and to
convert t heesonmbendatiatisgV 82V .3daind oqatmmailynVJShis Alambévdenté hiuﬁllirﬁe’daﬁi and

processed | n a ropr i nner the termnal,. An H 324 nultinedia

t er m nal 85)%&’ M@H ele?"g‘ﬂ ef”f?éf’mi qnableg goysTighefect ed
directly t@heamqlt dxalt df tme&!atéaﬁtﬁ SHOVG e ed 15
Services Digital mNgtworg{l( I'n th?s cas at‘]ﬁgﬁgn%é’e%ﬁn?% (S re[%{1 gm?ht h an

| SDN user n@tp\m;lanaipgnt’eﬁOﬁa@mtahlﬂfdﬁtgusmlsﬁpntohersthe BSNNJﬁefnrthetmblles ihet er f ace
i's repggsent | ock .72. 324 nul time S may

b al ternative al
al so be adap"ﬁg]&le%&lerﬂ’éléa“% TTHEF fata 2ugd capire sumalsin apy Pg‘teaii%l'TB mqfe used with
a Wi rel ess PeqTNaH 6 @bht thbxmimotzhﬁgﬂa%mstx%&n%ﬂat%%ﬂb%e&ﬁmp@&%aiﬂ\ﬁt h_any
appropriate wireless interface, as represented by alternative block 73 in

Figure 7. mce&@dn@meapmwmt@mmrrhm ¢tmmralterm nal can include a radio

transcei ver ec n to.the current .2 eneration nobi | e
t el ephone net V\oﬂﬁg%%ﬂp pélg?%mé]&al gag edpdem o m(‘cl'ﬂﬁ 9&@éﬁ%bll

TeI ephone Sys betdnnedtdd ire@odladti Biea T8 Gint Ratvorlt) sUbh b4 APRIIAN tﬁié@@@d S

desi gned faor two-way _comrunications, that is for transm ssion and

recept il8n MF%@%@%@FWF’@(% I3 thig gpsaihagwdam ds prrdaded aviiouhISPN hsteo
encoder and.i g %tg?&%qﬁlrf‘}hﬁ%lf 1Y iﬂ\l user-network interface is represented by

alternative block 72.
H.324 multimedia terminals may also be adapted for use in mobile
communication applications. If used with a wireless communication link, the modem

20 71 can be replaced with any appropriate wireless interface, as represented by
alternative 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
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according to the present invention. Such an encoder and decoder pair is
often inplenented as a single conbined functional unit, referred to as a
‘codec'. 30 Atypical H 324 multinmedia termnal will now be described in
further detail wth reference to Figure 7. The nultinmedia term nal 60
includes a variety of elenents 23 referred to as "term nal equipnent”. This
term nal equi pnment includes video, audio and telematic devices, denoted
generically ef erence Punbers 61, 62 and 63, respectively. The video
equi pnent 6 e‘%%f{/mlaﬁc?%@la FBHPRES ) TS teamiiabeqiimaert Anctpdss videapushie ng vi deo

i mges, a i i I I I ional 5

vi deo pr ocg{s?(gi{e?]égﬁag%g%%%{a %ﬁé?h&;g%%gl?gh%gﬂ{e\#ﬁgﬁct% r%@{btte;gsgéld??%?&?%tl udes a

m cr ophone respertivekaitht eidtoequpmtutr 6 Ingag prkels, foessagss, a adeb eanhaudspeaker

for repr oducilgﬁ%r.%cei ved audi o content. The audi o equi prent nmay al so

i ncl ude addfRiPREY! e%ﬁeﬁ&?%ﬁrfae@éogifﬂﬁ&ﬁwﬁmg repgived ajdspeepienicdiopiert! 63, may

includesa ¢aed préictd oS SY PR Lhd; > [ %sé] a still imge
transcel ver, Slgu)cheasﬂ%é%ué& unit. %glﬁhcg%rl{%ggget uF%ﬁgﬁ@hgisoﬁ{s coupled to a -
vi deo codemié®phditee foriegample dolecpbbingopoken mesagesyindenioadspedlssr fand a
correspondié‘?r)}%g i deo decogder,. both inpl enented. according to the invention.

Such an en Ul eﬁe“éeéic%@r coptgnt: %’éiﬂ:‘i’quﬂgﬂf’m H‘aﬂfﬁ‘}ﬁo IPBII“FI%W%&’“&% e
vi deo codegu§ig prscel & Ph&tdMarl @it Gi%ég HuYk 489tdatd@nkin an

appropriate formfor further transm ssi'on over comuni cations [ink and
decodi ng 1%kevmapt, ebseoniviwhétcbaord beastill énageventséeaivam dubk as @ fanmitat i ons

net wor In the, ex le.illustrated in Figure 7, it_js assuned that the
vi deo Egdec i sq—ihﬁﬁfadgﬁﬁﬂ‘t‘@awf%&sﬁ(‘?ﬂu&?d \'/%?/V‘%@P _ficr‘?él Etﬁ‘év‘%ﬁ%céﬁe‘@ 6af

dynani cal | YomglfRdsiam@ddodrRb M afll h@Bribigoh@ing viddo deSoder bbSimpl@adided that the
encoder section of the video codec is adapted to encode and transmit

i nt er pol at iageprding tethegoesnfipe Seh an ghcmster twl adeodersitidradasgribhedo dier

accordi ng enbodi nent _pof the inventive method, as .previously
descri bed. tf%ilo;ﬁmfléﬁlﬁw Wecq’gg%gggrr_es%oé%ﬁ{eoﬁr gRcofing R?Ptd’é%fﬁlgg‘égat?? YHapted to
recei ve andppiepagte fodnl fo@ Fur€iee ifah&hBibn babUeSHmBREOARMs ARk hdi8Ddly t he same
enbodi nent of the inventive nethod. The termnal's audi o equi pnment is

coupl eddt o camPEasERdyYiderontentimesiyed fiom the gameuntaligny retepdkn fetheeniyeple66.
e e iggRAigSyad 7 oG ST R0 SESRRST MRS P
f orm sui t alWay dses incheale sie Ss2icddymateically 8dpERNE LB alhiiow Sltkis N i Dfaekher
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 andio 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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transforns encoded audio data received fromthe network back into a form
suitable for reproduction, for exanple on the termnal's | oudspeaker. The
output of the audio codec is passed to a delay block 67. This conpensates
for the delays introduced by the 30 video codi ng process and thus ensures
synchroni sati on of audi o and video content. 24 The system control block 64
of the multinedia termnal controls end-to-network signalling using an

appropriate coptrol protaocql (sign ing. block 68) to establish a common
node of operat %ﬁ Sﬁ%@ﬁrﬁ bf?%ré‘rﬁagtt{‘? wyltapeiiatepama] santigls@iripmaivorkhe

si gnal I'i ng haeKe 88ns% Qgﬂg ' ' : [ 2d decoding 5
capabiliti gils%hof %hengrgn m t?thgggﬂr% r%@g?]3?%ﬁl%lé$ﬁoﬁgﬁ@qg%gm§g% age used to
enabl e t hecomaonousieaddpmgtiomtetsveoh attfaesnitthepareinciedaring TdremisalsTieggm cont r ol

bl ock 64 also contro]s, the use qf data encryption. |Information regarding
the type of‘lgﬁf‘l@i“%b{q‘%rqsteégffé‘gﬁ%’égorpﬁ“oﬂé’t"&‘ttﬂi‘ea%ﬁﬁh%iaBﬁlldF“é’dB’&ssed from

encryptgon : L ] W 52 it) 70.
10 Duri?lg gg}%agﬁ%i}egﬁgﬁ]ﬁéia?%ﬁﬁy#%w ﬁega%r{éﬁ%é?ghﬁaég%bnéw&% e B L{B%\/UX uni t

70 conbi neyarmsovdotzanatles pi tlervudécsadodirdEbe systtracaitm] block édalsvicohralat a

i nput from, the | emati c.equi pnent, 63 and possible control data, to forma
singl e bit RGPES ataFH?YBP%Rﬁ%ﬁ”&@%@bﬁﬁﬁﬁ&&‘ﬁ%‘ﬂﬁge%‘ff}’ﬂ&tﬂd(’é’ﬁélﬁsﬂplﬂ’i on (if

any) to be daRRtan@diskin t\Sasiid froﬁteﬁl@%gﬁoﬁ bR¥k 49 % My él?ﬂ?ﬁl\%ﬁéer}h&gl%%r 69, is

used to sel ect an encryption node. Cor respondi n t1pl exed
and possi bI(MBYEMYKethitnd0t i nedi a bit-streamis being received, MJX/ DM JX

unit 70.is responsihble for decrypti the bit-stre |y, di it.intoits
const i ?(_Buent nmedrate ﬁ%&ﬁ@ﬁ?*?%ﬁﬁ%@%%ﬁ%&?&e%ﬁ%ﬂwﬁ&?%% unit
appr opr i at g0CeRBR{es kncadd ahd bRicHidided SRR REdibQlre A8S A5th AGtadRSl from
reproduction. Figure 8a is a schematic bl ock diagram of a video encoder 700

i npl enent edhe telpmatie eawipmgnt @ andopassidle watrehdasalitorform ofingladitiseant i on. The

structure - Vi e der s in Fji.qur.e 8a.is in ny.respects
Struture b SRSemBRSPERe R OB B W ediECL e,

W t h appr optrésh growded be atdrpmtton Klodhes 8s Bl S s@bct b encri§psaf@bdd.hat perform
operations associated wth sub-pixel value interpolation and formation of

the end8dedopearandmely. sthesarmultiphied padpomsiblomorypied mybinehcbigeireans 25
uncton, SRIBLALS, M Al Myl R ERRTI R
Descri pt i odivading ticihtoatssovastitsentInedia 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 o_f the invention. The structure of the video
encoder shown in Figure 8a is in many respects similar to that of the prior art video
encoder 1illustrated in Figure 1, with appropriate modifications to those parts of the
encoder that perform operations éssociated 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 previously
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  Emor 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
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omtted for reasons of conciseness. In particular video encoder 700
conprises a Mdtion Field Estimation block 711, a Mdtion Field Coding bl ock
712, a Motion Conpensated Prediction block 713, a Prediction Error Coding
bl ock 714, a Prediction 30 Error Decoding block 715, a Miltiplexing bl ock
716, a Frame Menory 717, and an adder 719. As shown in Figure 8a, the
Motion Field Estimation block 711 also 25 includes a Differenti al

Coef ficient Conputation block 710, which is used to conpute the difference
bet ween a sehzies adh fferetter] Goediiaeh d3mmfitdtioarbid®I71 00pbrchtis vseddd computei deo

encoder 70 .11 _now be considered in detail.. | common with video
encoder s kwf?rreﬁ?ﬁv!ﬁ‘f'%‘?n Eh?et]‘?d‘%. t?fiaﬂgﬁtbé?ﬁ:@%;}ogooaccordi ng 5 to this
enmbodi ment  of @B@raﬁ&ﬁ%ﬁ@k VidBeeRELRR Te0RN R e w IR d&GeIREASAI.eF prediction
with respect to a reference frame k (X, Y) to produce a bit-stream

r epr esent atémmonfwith vidédewofierakpobsifrogn podedt, ihe VidebERchder 70 ac¢dardper f or ns

noti on conpensated ..prediction to.sub-pixel, resol.uti on and further enploys

|t of POl IAPER A5 gL R CLF TRl VSTPAt ERrsPRUEd BUITPE, ent

val ues in %fﬂ%gg&a@t tB%rr@?eH}l%e?MgieDR:;QBV)Vt%lrﬂff&ﬁlcég bit&idhh & lg&rn'tzﬂﬁeyﬁg motion
SS. er 700 pe

estimation proc Vi deo enco orns notion conpensate

predi cti onvRRo drableteknddode® O DRTBR Fbiin 2 M pérfthR AR ion dRipefshtgOMPensation to
sub- pi xel resolution as a two- stage process for each block. In the first

stage, a nfadiionde s@rpalicapjution andhfuxiser erppigw ant intsmpdliationelilésr hianiag by

bl ock- mat chi o PN = T in or ock of . pLxel u in the
ref erence p &Qﬁécﬂ?f&a}nyaﬁﬁaﬁ?}g%} cﬁg{ %:hegg%)lgéstlﬁﬁ (feﬁt(?ho ptpge b‘@%ﬁﬁ‘zas‘{‘%f t he
currento i nagereddotke the hetigasthatidherdekack nmat ching operation is perforned
by Motion Field Estimation block 711 in co-operation with Frane Store 717,

from whi ch pi x&lidepingeder 79P perfermemetion sempengaied predictipn onpdlodeby-eved. In
th 0 _ . frams” ~ . t
€ secon b?&&t@ﬁm?%#g{.ﬁ]g@eﬁtg 'Hﬂﬁﬁ%ac%)lﬁﬂyg atﬁgh ?&Z%J%ffm;éél &dﬁﬂ&dgoég &b‘i%.- or

determned in e age 1sre esire - pi xel
resol uti onstagepa@esistfoseachlbdodidin the firstestabe Esiotiad vemortHaoimg fillpixdior ns new

search bl ocks havi.ng sub-pi xel. resol ution by interpol ating the pixel values
of the ref &9htignds %@Tmeﬁwy LWCH@W@&M-: s?aé?}v%g?rﬂlﬁféﬁﬂfiﬁw(iraﬁ'@St he

best ch; r i b Q I: i ). As
part g? S_t hi's El%rrgfcegngl S E ﬂ?&% Rh(/b{ibg?# ﬁa@ﬂ%k Eg%?ﬁ}rlr%? Pgﬁ&gﬁéag%%;f ?5 e ngp ﬁ1 nes an
opti mum i n@aRobiBEL Rbd dda%&.rmeoaloaémbﬁhﬁlrgwgbﬁﬁb@ B pekfolhied By RidtionatieMal ues.
Advant ageously the coefficient values of 'the

Estimation block 711 in co-operation with Frame Store 717, from which pixel values

of the reference frame R,(x,y) are retrieved. In the second stage of motion

compensated prediction, the motion vector determined in the first stage is refined to
20  the desired sub-pixel resolution. To do this, the Motion Field Estimation block 711
forms new search blocks having sub-pixel resolution by interpolating the pixel values

of the reference frame R,(x,¥) in the region 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 1interpolation of the sub-pixel values. Advantageously the coefficient values of the
interpolation filter are adapted in connection with the encoding of each image biock.
In alterative 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
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interpolation filter. are adapted in connection with the encodi ng of each
i mage block. In alternative enbodinents, the coefficients of the
interpolation filter may be adapted I|ess frequently, for exanple once
every frame, or at the beginning of a new video sequence to be coded. 30
Havi ng i nterpol ated the necessary sub-pi xel values and forned new search
bl ocks, Mdtion Field Estimation bIock 711 perforns a further search in

or der to 6 de_ter ne whet ]e] t{%e new search bl OCk‘ES!h resents a
better mat EHETHPE K etheuwe t?ﬁ%éeaa%le cksygRreseUs pReer MalehiodBe bl ock

origi naI ! y %,féﬂ&m%@&loaz thhi kil H%Emktchﬁlg%‘i’ic‘ktdr%gm]lg@déyﬂ'ﬁ%d‘ﬁ?ﬁm'\f'}&élo” Field

‘Estimation 1 determ nes n vector representative
of the i mgsobitionkindhis mexytNiytidreFinlyl Exditkendtoa foback (7 1p adietermines whedef el - pi xel or

sub- pi xel |ocation he Motion Fjeld Estinpation bl ack 7 utputs the

i dentifi edmr%‘PPdﬁ‘:‘{?%@PEﬁsert‘B“Vel\ﬁft‘il%wiﬁeiﬂﬁ%k&“dﬁe %YJB‘?‘B% ﬁo‘%‘%‘??‘ U\ﬁupé’ﬁ“ to

appr oxigrat g1 pxeppltgu@, iY84LOkiohSi Ng a notion nodel, as previously

descri bed. Motion Corrp nsated Prediction block 713 then forns a prediction

for the currenfthe ihvkgmnmlddlﬁsumlang:b]mek appvuopisabedentii¢donotidn vetirde and
prediction_ error r.mat.i.o The red| cti.on i s and,subsequently coded in
Predi cti on ‘+°8rFlé§&fq4§18JﬂB@W %@péfaa@at%ﬁ@dmtmw%ﬂﬂlswg.anf or mat i on
for the C%cﬁi%ﬂ"méd%?%p@v&ﬁﬁly d%s&rlilf‘e,'a W;‘Aﬁ%%eﬁ&a@é& ﬂe&féb@ﬁ bR:@kE!‘lS or Codi ng

block 714 to Miltiplexer block 716. Miltiplexer block 716 al so receives
i nf or mat i othealfoums apedlcapprf@xh@ramre@t mnagaiﬁosleumwthélappnohendtqi mobbn not i on

fficient f ti Fi 712 f t
Sbout T SEHPHAN TROCITLRE B PRloh ORIt s A Ly A ed
predi cti on peddidthm B @ibin dg pBae7 M. ahk cBﬂ&f‘ibr%’iEh&f‘eer)ﬁhﬂ)mﬁﬁéﬂ wihon Bl ock
711. According to Us enbodi nent of the present invention, Mtion Field

Esti mati on cwgdkm?aqbbblasiéhemfvrwmleé@lﬁ:'pul’mhchnlaﬁmoeéhﬂmgmﬂéd%y t he

different £ f { ack 710, .1
i 1 or ence MufEESTGOUS RIRMIEI P HRerE Pt Rt palel B € 111 ¢ e

coef fi ci entappkirhdied MptibAVSRtol (I BlelOabi Mdtibh téTcibme) fbd Mums]emeldol ock and
the coefficlents of aupredefl ned base filter 709 stored in the encoder

700. MiPti sioding blptloti2, rawcl @b ytqutowb@@iﬁh% opffimandaigerelatigntfilier pesim 703
R A L
coef fi ci entEstifafien Bk 711. According to this embodlment of the present invention,
Motion Field Estimation Block 711, based on the computational result computed by
the differential coefficient computation block 710, transmits a-set of difference values
20 705 indicative of the difference between the filter coefficients of the optimum
interpolation filter for the current block and the coefficients 6f a predefined base filter
709 stored in the encoder 706. 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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25 val ues and possi ble control information. Each of the different types of
information nmay be encoded with an entropy coder prior to inclusion in the
bit-stream and subsequent transm ssion to a correspondi ng decoder. In an
alternative enbodi nrent of the invention, the Motion Field Estinmation Bl ock
711 sends a set of values 704 indicative of filter coefficients of the
optimum 30 interpolation filter to the Differential Coefficient

Comput atio I i i h timation
Bl ock 711 grllg %Cﬁgo‘%ﬁ%?%}ngggf S%#g(ggﬁg%@E%ﬁﬁggdgh%\fmwﬁﬁ%ﬁna f“l)qu et Based on
t he base f iddngrutad®, biddre71Dichfcarentthalifeaekt vauentos HSarnpmbalts gfenbloqEk 710
calculates the difference values 705 and transmts themto the Miltiplexer
bl ock 716. Mwuglsgerdeckallber nati ve embodi ment, the Differential Coefficient
Computation 5 I k 71 I n that
case, the fil thrl 9@33% ?alﬂ 8%%?\%9%9%@1&%{1%%}1” enturrﬁﬂ::gﬁﬁgf? ;g)to tat(i:’ Tlter can

be dire6t| ylaokriti Obysideaevid ierMbitelater Hatk mas lhﬁhiiﬂc@ﬁi( tﬂeﬂﬂtér@oéﬁielents
Ml tipl exer, g gck 716, as shown in Figure 8c. gure 9a is a bl ock di agram
of a vi deo 'dcblherorsarym qur%?ﬂéﬁ?léﬁlt%rcf@abéudﬁ@ctbbseat by thetdptieanFielhodi nent of

t he present h der 700
illustrat egsflﬁ}%g%hggksaggfoﬁﬁmg@gger %‘%{871% f %h:"g’z@“a ?Flggn Conmpensat ed
Predi cti on bl od‘kgu?é%lsal WRoekddiagraonoff video cm:ﬁddlmlﬁipm&n%&acc@rdmg toa
Denul ti pl eX| nfg T—n‘L 123 aqr;_d a Franme Menory 824. Most elenents in the
decoder SOWCFURETPRIDAY bt present H“’&nﬂﬁhﬁ@rc%?eﬁi’qnélim&@th%@d%r r espondi ng
el enen i Fi gcoder 800 of
t he pr ggen'?: nlé‘%.lﬂ\;egg?(? iéﬁu%trﬁé& ]@ﬁgﬁ%\%ﬁal Eﬁ ?‘g‘iﬂ’ra)ér a e|I(\JKIJ.%?T{SgseL f\]/f-\otlfg’l | ter

Reconstr ucthunpdnBamkP@mnomhloch T2 ecaPrstliction EnbhEec@hmg blook 722.er pol ati on

filt 110 . 6 d t di ff | F 6b
tnd' 60 and THEBEEHEBIRRI 20 230 S FTPreMentsy SHhoMsredanE R thadstader s o 809
i's, preferappundidanha Gﬁéraﬂé(?n Q?ﬁﬁngﬂ ditaRhr t%qge &8 ﬁ&gélgﬁngéiemeﬁﬁ)m ffgoer at i on

of the video decoder 800 will now be considered I etarl. 20 Demul tipl exer
823 recei vasiopad dBdsteiigurs £). eHan@Ei thspibq:ctdsr 80kobtht pefsemanvdntipn, dst S

t t t td f f data, fil
cootti dPenchB8h i Bl ffifee bile RS Biedondinckan® Whishttmames i’
per f or ms amptitReeESRpMati @NMERQIM 0¢8I0 68f bdsB®oN Md REsreflad fathdsB9. The

Denul ti pl exer 823 forwards
(Figures 6b and 6¢) and the predefined base filter 809. The predefined base filter 809

is, preferably, identical to base filter 709 (Figures 8a - 8c).

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 Demultiplexer 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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prediction error information retrieved fromthe received bit-stream 803 to
Prediction 25 Error Decoding block 822. It also forwards the received
notion information to Mtion Conpensated Prediction block 821. In this
enbodi nent of the present invention, the Denultiplexer 823 forwards the
received (and entropy decoded) difference values via signal 802 to the
Mot i on Conpensated Prediction block 821 so as to allowthe Filter

R t i 0.t truct t t] .30 i.nt | at filt
o (e B RS DA R HIeR 0T St R bF R s i !
coef fi ci entas dofinedl 1y 106 edcbRGEhRASD i diR VaRR1o5loRk Rkt h PrddiGiodggoger - Motion

28 Conpensated Prediction block 821 subsequently uses the optinmum
i nt er pol at iM@ALT blpelepurrenglybefngriedodsd. tMererspeafistiiniblotion €dsifengitaht val ues to

t t -edi Gty the in | 9ck .ent | ' decoded. M
Cpoci 11 cal TR RTIRACHAIDrbF oo ARG PR Gn b GRe e o0 bY FROS8H et ot 1 on

for thescumiantalubpee RfQekeManiE R (x2)) Rted it fﬁgﬁs fan@ reference
frame R (x,pﬁy) stored in Fr gma I\/E?ra;oeryy)824eag§’:%ﬁ]!teewrf%g tlzﬁgantahem as

necessary asterpotiiting then bdeccesney ¥@drdii iofe rdtbiveaBidien mformhAioMto fbh
requi red sub-pi xel values. The %r ediction for the current inmage block is

then conbi®R¥&aNIeR sehrixghbyaeesp dhe pregighioa derche ewrent impgeddeck iséhanor m a

Filtor Reccunvier ) ar g oOeRPadsp e A i i o forkl A B RarErc a ca

Pr edi ct i on iiphgecWo8Rin quastieshown in Figure 9b. Fromthe difference values

cont ai qﬁd in signal 80 reé:ef'éved fromthe Demultiplexer 823, the Filter
ReconstPuct i on ‘Blgativeive hedalbsrdt sconstmictinn bigsk B4 resides epfsisicaf thaMetion er s and

sends the CdisaRshidiPledictibh Block 81! 1hBRtn ¥inrd S L AGAL iR LREP ensat ed

Predi ction block 821. n yet another alte Ive e iment, the Filter
Reconst r uctviabes béaikeditOsigred B2 sedeived tfiven BeDdnhilipplexar82d) e Kilg23. The
Derul tiple bl oc s the reconstructe _cog_éfi cients of the

r {( 8%11;) f rd
opti mum i noSEERRTRENThOPrk BLY TR BT e CRMBRTB e atondHieEs A orisdby 821,
The encoderrecoasedt dilRBcdPridiBRs BOS M NIBVSIEHA ns&@@??edfiétioh%p(%c‘f(@flfi cients

20 differentially with respect to predefined base filter coefficients so as
to al | dw t He yeldweotue plterpatneconstdiment, thed iloptR etumtiuntien blotla81mresikes iner based

b o il BAGEIRLUE R0 BPP, RO iifex G HK s ToNwarde e ¢ P Known to

bot h encoder™ an
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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be statistically reasonably close to the actual filters used in the video
sequence to yield good coding performance. In other words, according to
the nethod of the present 25 invention, a base filter having a particul ar
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

f t ded t t.th dapt t | at
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coded separately. If the coefficients o base er are Iciently
simlar to thhéflcoats vadbendrs rafucedhend mﬁe*r}mo{mpmomént it esdimg effivicnyy issed, t he
29 dlfferenc % ues to be coded are small. Thus, it is advantageous if the
predefined? 16'5% filter is statistically simlar to the interpolation

filter gctual | yhgedhe (ﬁ?fefé?mﬁlmoﬁnfgaﬁ a'a&gmgaée%nﬁ%%z VA hefhog! © reduced

and a further inprovenent in comge ICI y Is Rieve Unli ke the

differenti ailccqrénigmgﬁmnmdt mveiopetat dompaédivelytdoed mhmdlileacmdndhmg to

t he present gntlon retains,co aratlvel ood error. resi I|enc§ In the
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event of aﬁ’V 5 AN SR RL PR ih e P ISRt enspded d den i giaeam

bi t - st r eamehEQ¥ tcﬁdﬂ&:@@&* 1t§90ﬂ?@19éj@i'fferénkeb§m@@lll }hetlﬂ@e fidfHaence between the
base filter and the nferpolation filter actually used that is affected by

the error. llltﬁrmﬂatl@ndﬂleda@ealhomgdthahat*eaﬂfet'needbmtthblenmal el enents of the

| t t d d d d t
The prabent | noeRerBHECRRCLRS PR SRRt EOF wian i R cideo ©

har dwar e, cbﬁccmeeqrébbdbatah@md% cbB& A0Brdind @ thy/ pid6&t BveRGbn\&hnafed decodi ng
met hods according to the invention aregﬁ‘ertl cularly suited for

i npl ement atinplementedss spBwareatr dgdiseted bardwase, oy laa;nmbumppn of thg twacAihae 15

ae such, | ReHrbARS i e REEOH el dE bRl e N et on

may be i nplseit@hfoedmpRfmentatioh Eﬂ\ﬂfe&‘oﬁﬂdﬁaabﬁfyﬁér pfdgAnS Ehpaen SRdiniAe-and
executed in a conputer, such as a ersonal desktop conputer, in order to

pr ovi dd5t haeadsblenbsterctiaps for prdernias élwﬁlﬁgﬂonahetpmo bemmigmf uesicbnal | ty.
20, AL ovaBREALD AP IR ARLSE LAY RSB IE b Bi L
vari ous chasgesfitvarddodsatored on a storage medium and executed ina computer, suchas 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 embodiments, it 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.
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teachings may be nmade. Thus, while the invention-has been particularly
shown and described with respect to one or nore preferred enbodi ments
thereof, it will be wunderstood by those skilled in the art that certain
modi fications or changes may be 25 nade therein wi thout departing fromthe
scope and spirit of the invention as set forth above. 30.CLAIM 1. A
conput er program conprising: - machi ne-readabl e instructions for encoding a
digital video sequence having a sequence of video franes to provide
encoded. i gep. data Indicative of the video sequence, each frane of the

- video séquence conprising a plurality of pixel values, and -

machi ney reagag'ﬁPh{é?tpwaﬁ%t@engﬁé efining an interpolation filter for

reconstructing pvX anme of said digital video sequence in a

. decodi ng pr aehine-réudgble métmdthherfbﬁleﬁtbamgfaIcﬁqafal hﬁ@e@seqme ﬁévmg a

coefficients éﬂhﬁ)resent ed ;t) urality of coefticient values, said
conput er pr &84 %Mﬁ@@eﬁ’afﬁ@% Q)?m‘ﬂdf#rﬁbﬁ@fmd vidgoadata indisativecofl thewvides

[t or pol at | R et el e G, iOGS <sloBPo STnbifid e, Bilrdliveot pbeel, 1o

provi de a se#luet, dndf erence val ues, each of said set of difference val ues
representative of a djfference betvveen a coefficient value of the

m'aerlpoT a:]l prchng-fga : 'B%‘F?tlﬁsenforvadﬁr@‘% tae dntemolatien Jligs Prier:
Talues Tt [EROrSHOENG piRef ViesORe o fanfi Of S48 DRl yRED Shaiuice i

machi ne- r eadetdding process,i whereiro the édeipdlatipryfikerohasaanimber bf coeffichkans t he

recei ved vi deo data ,indicative, of di git al .video sequence conprising a
sequence of FRATERENEHAHYs @ é%{'dﬁ"h&a&e@gw{q@tvﬁ@&sseﬁﬂl@n%mﬂfﬁfr iPERPGIgM,

plurality OEhQFﬁﬁkniéH t he conputer program characterized by -
machi ne-readabl e instru tlons for retrieving a set of difference val ues

fromthe bmcbtn@mdabé&hlnmmonls sér ofomptiting eacdifferenes bebwesentt i ve
of a diff el &8&fcient values of said interpolation filter and coefficient values of a
predefined base filter to provide a set of difference. values, each of said set of
difference values representative of a difference between a coefficient value of
the interpolation filter and a coefficient value of the predefined base filter; and
~  machine-readable instructions for providing said set of difference values in the
encoded video data. |

2. A computer program comprising: |
- machine-readable instructions for receiving video data in a bit-stream, the
received video data indicative of a digital video sequence comprising a
sequence of video frames, each frame of the video sequence comprising a
plurality of pixel values, the computer program characterized by
- machine-readable instructions for retrieving a set of difference values from the
- bit-stream, each of said set of difference values representative of a difference
- between a coefficient value of an Interpolation filter used to reconstruct pixel:
values in a frame of said digital video sequence and a cosfficient value of a
predefined base fliter; |
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between a coefficient value of an interpolation filter used to reconstruct
pi xel values in a franme of said digital video sequence and a coefficient
value of a predefined base filter; 31 nachi ne-readabl e instructions for
re-constructing the interpolation filter based on the coefficient values
of the predefined base filter and said set of difference values; and

machi ne- r e auaihiire-resdable tinstrngctivhs foe ceronstrotiimg the reerpalbtings filter atedme of

the video seguence.based . on t re-constrycted._jnterpolagtion_fjlter and
the recor ven e GemdartraISss wbihd Gratinon Eseouler ond ssid: sol o Aiencs
sequence hgxuRe: angequence of video franes to provide encoded video data

~indicative of yhe vi deo sequence, each frame of the video sequence
conpri si ng ﬂwaﬂlmﬂ-madqblaﬁngmcﬁbns doueesonsitudtitag piccd vatuescimmp frasne f theneans

f defi ni | nt | at i i1t f t Lil I xel I ol
o " g leR et kS S O e e b °
nunber of ypjeefddtai ents represented by a plurality of coefficient values; -

means for conmputing a difference between the coefficient values of said
interpolation filter and coefficient values of a predefined base filter to

provi dg a 1ffer val. -Y-1e f said set of differe val ues
Fepr cstnt ot Pheds 1ot sfpPRRG ¥ B il 3eBliehh Beifo §ediienportlcviodd

i nt er pfiagidsotd Hidvidy endsdad ol dathdndicativé of tid vided feqiide)edchdrdne
filter, 3nd -,@ans for providing said set of difference values in the
encode8f e ¥ides: Sedyengp yeemplisingoa pluralityn of chixel aiglussicBala@RPPRINSat i ve
of a db??r{p?i%in . deo sequence conprising a sequence of video franmes, each
frame o he Video sequence conprising a plurality of pixel values, said
appar at us oweansi Kirndefiningresm éntbrpolatidr ifitter for eecmistraictiog f pivelevaigesdhugs

~fromthe epcoded, vi.deq dat a each of said set of difference values
r epr esent al U Of s%fgd-ﬁ@'g AdeQ SEAUSRE tg@ igisEpglation fiteg, havieo & nymber of

i gt 1ol v GaaElehhEfepBgentbl Uy PRFATY Y oBbflont FalRS: L lefi ned base
filterr means for computing a difference between the coefficient values of said
interpolation filter and coefficient values of a predefined base filter to provide a
set of difference values, each of said set of difference values representative of a
difference ‘petween a coefficiont value of the interpolation filter and a coefficient
value of the predefined base filter, and |

- means for providing said set of difference values in the encoded video data.

4, Apparatus for decoding encoded video data indicative of a digital video
sequence c_:omprising a sequence of video frames, each frame of the video
sequence comprising a plurality of pixel values, said apparatus comprising: '

-~ means for retrieving a set of difference values from the encoded video data,
each of said set of difference values representative of a difference between a
coefficient value of an interpolation filter used to reconstruct pixel values in a
frame of said digital video sequence and a coefficient value of a predefined
base filter; '

- means for reconstructing the interpolation filter based on the coefficient values
of the predefined base filter and said set of difference values: and
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- nmeans for re-constructing the interpolation filter based on the
coefficient values of the predefined base filter and said set of

di fference val ues; and 32 neans for reconstructing pixel values in a frane
of ‘the video sequence based on the re-constructed interpolation filter and
t he encoded video data. 5. An encoded video signal representative of a
digital video seguence conprisinq a sequence of vhdeo franmes, h frame

of ~t he vi dBWABQE FRRONSIFHSING] RiXelvalyes i i figme of J ﬁéﬂd%ﬁﬁsg?mg%a@aéﬁ‘éoded
video si ongl, (GOPBILALAGoRASRterMlatloh HREEARE ne/Bhetiiod GRED a2l d. set of

di fference values representative erence etween a coefficient
value of an interpolation filter used to reconstruct pixel values in a

e B o Aottt Jinal SO aaridtig & Aol 2B’ sailafeLortprsing
: a sequence of video frames, each frame of the video sequence comprising a
plurality of pixel values, the encoded video signal comprising a set of difference
values, each of said set of difference values representative of a difference

between a coefficient value of an interpolation filter used to reconstruct pixel
values in a frame of said digital video sequence and a coefficient value of a

predefined base filter.
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