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Background of the Invention

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

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

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

Digital video sequences, like ordinary motion 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
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i mge content of consecutive franmes tends to be quite simlar, and thus
consecutive frames contain a considerable anmount of redundant information.
Each fram®0ooB/ossods git al vi deo sequence conprises an arr ay Pofl/IBo®es1pi xel s.
In a commonly 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 franme is
represented by a certain nunber of bits, which carry jinformation about the
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can bg, reduced w 1.nar i 101 I W - spati al
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sub- sanpl {he@olofphtend dfithe fndgk dcieprkert6XBY tworelgomirianed somporeaded by one

bl ock of 16x16 val ues representing | um nance information, and the two
chrom nan@ell%%!i hts are each represented by one block of 8x8 val ues
representing ég*o"i‘megfbag& mumﬁeﬁwmgg?r%ehﬂﬁzm f intdge 16x 16 array
of lum nance values. The chrom nance conponents are thus spatially

sub- sanpl eshtént provide teartaimddvantagestdoenpaoadi witintalburanddels/that are hhsedionect i ons.

The resulting assenbly of one 16x, 16 |l.um nan bl oc nd 8x8
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r esol ut i oeolpt yaiatioss, UV walee models expleit 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 16x16 luminance block and two 8x8
chrominance blocks is commonly referred to as a YUV macroblock, or macroblock,
for short.

30 A QCIF image comprises 11x9 macroblocks. If the luminance blocks and

chrominance blocks are représented with 8 bit resolution (that is by numbers in the
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WO 03/058945 PCT/1B03/00061 range O to 255), the total nunmber of bits
required per nacroblock is (16x16x8)+2x(8x8x8) = 3072 bits. Thus, the
nunber ofwbims®ssveded to represent a video franme in QCl FPCanpexqooasi ng 8
bit nunber resolution per conponent, is 99x3072 = 304,128 bits. Therefore,
the amount 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
frames per second is nore than 9 ion bits per second). This data
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si tuations ere Vi e transmt I'nreal-time over a fixed
| i ne net weggkiire&toakpresermand Shidntit videgdath edhilSectrinorsanDicgeritatile edgeor k) or a
conventional PSTN (Public Service Tel ephone Network), where the avail able
data tran9¥a€%i on bandwidth is typically in the order of 64kbits/s. In
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over a radio communications’link, the available bandw dth can be as | ow as
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i nf or mat i ¥PEGr2xiddocredingestandardds pomaslyt apphisahle toedigitatistoregeanedia 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 typically in the order of 64kbits/s. In mobile videotelephony, where

25  transmission takes place at least in part over a radio communications link, the
available bandwidth can be as low as 20kbits/s.

Although the various video coding standards currently in existence are tailored
for use in different situations, the mechanisms they employ in order to reduce the
amount of information to be transmitted have many features in common. In

30 particular, they all work in such a way as to reduce the amount of redundant and
perceptually irrelevant information in a video sequence to be transmitted. There are
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3 WD 03/058945 PCT/1B03/00061 basically three types of redundancy in video
sequences: spatial, tenporal and spectral redundancy. Spatial redundancy
is the tewmoasssd4i o descri be correl ati on between nei ghborcmgB@/ooeéis wi t hin
an individual frame of a sequence. Tenporal redundancy expresses the fact
that the objects appearing in one frane of a sequence are likely to 5
appear in subsequent franmes. Spectral redundancy refers to the correlation

between different col our conponents of the sane inmage. Sufficiently
ef fi ci ent basisaPy 8uss bRes atnisdundaacian Yidegeseduarices; sBat) teppnaland peetEdng t he
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sequence difetqnt ealput @akipongsts fof heisemkemage. anes in the sequence by tracing

t he notion of _ ohj ects .regions of an i e.between f.ranes.. Franes that
are corrpresse%“tg@eﬂ yﬁﬁcﬂ%ﬁg%ﬂﬁéﬁ%f@ﬂop%ggl&ﬁ? \é\‘gﬂeva?pé)ytswlé’al ly referred
to as | NTEGQu&ag e’ wiiolls forMi®Rs reddh@Resn 4 R Sedulate ofdhRgEN TRISHRRE W t hout
usi ng notion conpensated prediction are called INTRA- coded or |-frames. A
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enougly t O f ERTES M cchilely IPAS SARLERL W JdhiRH! Gl fhy. and
therefore a spail y y c\,’onpresse prediction érror frame is al so
associ at ecompressed aixdeo bifighidamfis étvatf reliiiseyd byimexms odafficens lasless bmmwdimgcan al so

make use of bi-directionally . predicted frames, which are comonly referred
to as B- piteRighllys this 1spchiexerUsingentiopycdi88- are i nserted between reference or

so-called "an © R LA S -edicted from
gg)ﬁ.c@;qs%ﬁaéd%g%cﬁlohls Q¥orkn S2e hgaﬁ@fehuamc;l;&iueﬁ&pin

ei t her one or e a pictures. The different”types of frane
t hat occuwhich the tompént af saoerrfesseahyy frames Beaudex scquence 15 I'pradittedt ed i n

SR I N T NN C e
the "forwafghe RALNGENRR. Praffes Bt A% cmxiﬁﬁé&sé% Isimstisfchfenksitdred. The bi 30
di rectional prediction process by which B-franes 36 are fornmed i s denoted
by ar r owsprediction are typically referred to as INTER-coded.or P-frames, whereas frames that
are compressed without using motion compensated prediction are called INTRA-
coded or I-frames. A predicted (motion-compensated, INTER-coded) image is rarely
20  precise enough to represent the image content with sufficient quality, and therefore a
spatially 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 (I or P
25  frames) and are predicted from either one or both of the anchor pictures.
The different types of frame that occur in a typical compressed video sequence
are illustrated in Figure 3 of the accompanying drawings. As can be seen from the
figure, the sequence starts with an INTRA or I 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 1s denoted by arrows

31a and 31b, respectively.



3la and 31b, respectively. 4 WO 03/058945 PCT/1B03/ 00061 A schematic

di agram of a generic video coding system using notion conpensated

predi cti owoios/osfeesn in Figures 1 and 2. Figure 1 ill ustrate3/Bos/@neioder 10
enpl oyi ng noti on conpensated prediction and Figure 2 illustrates a
correspondi ng decoder 20. The encoder 10 shown in Figure 1 conprises a
Motion Field Estimation 5 block 11, a Mdtion Field Coding block 12, a

Mot i on Conpensat ed Predi ction bl ock él{ , a.Prediction Error Coding bl ock
14, a Predi ctf*SRnematisdiasaam ¢l AR Hdaccoding sysiem BIREMAHOBI ock 16, a Frane
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of video o rs,e 0 on .c ensat ed iction,.is to mnimze the
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frame P' (x, y). The prediction error frame is thus defined as follows: 15
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the fr arremﬂmsés aﬁ\@dtwnm&ﬁlﬁdillsﬂed Predictioh bistk 211 aPEdiaidd Brfordezbdiagl e from

t he Frane 20 17 of the encoder 10. Nbre specifically, the prediction

frame P"(hloyifz?’saD%hlé‘P]reﬁﬂ"{géHOW s FrgmeMemet24on pi xel s” in the
refergence fra@rﬁng& %ﬁ ot m%vxd&i)&fd% oﬁH%ﬁ}o‘ﬁ%'C lr[)é Weh pixels in

t he current fra ormati on SCT I atlonshlp (e.qg.
rel ative prditionis tomahmizethe anwaineotmborinatien mpreplctqem srrot frarhéle current
frame and their corresponding prediction pixels in the referepce franme is
25 deri vea”:né’hél)’t‘ﬁ}éwlﬁﬂfség? ditference bsieen @ cugpatiFang é&x’b}ﬁ) i5eged # Br edi cti on
pi xel s accordin o] e notion information. |n th t he prediction
frame is B@ﬁlﬁlpﬁg@@é 5 §’ya\nTh?)Bﬁ€6¥ﬁlﬁ’&F€°?@W%égéhﬁsa@‘if&qdéﬁ folloase ur r ent
frame, using pixel values in the reference frane. The prediction error
frame referred to above therefore represents the difference between the

appr oxd nmat e repregept ??]an(pg,)u):e Lyyrent frame provided by 30 tgg
predi ction frame afid’ gurrent rarre itself. The basic advanta provi ded
by 5

The prediction frame F,(x,y)is built using pixel values of a reference frame R,(x,y),

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 constructed by moving the prediction pixels
according to the motion information. In this way, the prediction frame is constructed
as an approximate representation of the current frame, using pixel values in the
reference frame. The prediction error frame referred to above therefore represents the
difference between the approximate representation of the current frame provided by

30 the prediction frame and the current frame itself. The basic advantage provided by

5



WO 03/ 058945 PCT/1B03/00061 video encoders that use notion conpensated
prediction arises fromthe fact that a conparatively conpact description
of the cuwopanwsfnmnme can be obtained by the notion i nfor matriiBes/oeguired to
formits prediction, together with the associated prediction error
information in the prediction error frane. 5 Due to the |arge nunber of
pixels in a frame, it is generally not efficient to transmt separate

notion informati an for each .pixe oder.. st ad, jnh nost video
Codi ng. scHErBencads B SEmotPh AfapiSats preiiionarises Arn B ek agrent s ok,
and noti eémpﬁﬁwel@édxﬂ;shcf 8¢Rtiptich 60hé B@r&R GRABRIAN be obfaﬂféﬂ@ytth@ﬁiloh@nt he
decoder. For exanple, notion information is t%pl cally provided for each

macr obl ockformagion reqwired 6 foma itsrusedigtian, tagethsn withfthe asse¢iated pgediation used f or

all pixels wit me video codi ng standards, such as
| TU-T recSﬂ?ﬁa’HE"éﬂag WE%E“’% CE}ghrlgn artr}%der devel opment, a macrobl ock can

be di g ded |nD@e&mhbhzﬁ‘ge%@B&fofpﬁmﬂnsanﬁ?ddl@ﬁt1b|ga€dfall)bﬁdt%ﬁ¢iélﬁ\td) ded with its
own notion information. The notion infornmation usually takes the form of

not i on veleRRit separamapgtion informyation fonyeach pxgktoghs decodery Jrgerds inest, y) and
| |
'(A‘i( §) |yZ] b Q{) %gcﬁﬂé%hte&%s tﬂg ﬁ&%@%kﬁquﬁv‘i’cﬁﬁ%ﬁ% 1‘ftpdg@§§$m&{t§&ogmﬁ pi xe

ecurr respe to a

ref erenc enfoltlaﬁmfa,-lnat(on relgding tolthe segmiantanis vransmittsd foithexdeydder.i 9@( y)] are
calculated in the I\/bthn Fi.eld Esti tlo‘;lfgl ock 11 an t of notion

vectors ofXamedietaipformation isdypisallygroviged fore g}@pprgglopg °£§ ?H€ noti on

vect ofg 2Qnd {tflstme Mbﬁ %fbﬁna&dﬂqs hRaakéPRrafl p&e‘l@«ﬁftﬂiﬁ%‘tﬂ&ﬁxabx@bﬁscﬁ Uf{ ent
video frame Is specif by e (X,y) co-ordinate of its upper |eft-hand

corner. Tharsg vidao aOdm@Isianctamdh ng:lsas%hieT recommendhtioroti2oh., turkantlyamndem i s

associ ated with each ma tion vegt escri bes
the hori zgﬁ eé‘?pné ‘\}8‘?‘?’5@8& kb&‘&&@ﬁim% Al ﬁocgo agl% fﬁglﬁ‘%{%i‘if?‘ of a pixel
repr esent baggrphﬁqumfhﬁ@{,\wnhﬁm@nqgfbﬁﬁﬁtl@f a rracrobl ock in the current
frame 1,, with respect to a pixel in the upper |eft-hand corner of a

subst ant i aI | yTg@)mOéllemf@ﬁmlﬁleBIU@M@YGﬁkfﬁrtb@lf%ﬂerﬁllfﬁl%eétom the reference

compulats Sy MR ol T Rkt et ke & L RRE ) B0 1) ana

for exanplg., &5 QA & PR RIS SOTRLHA 78 ) DicRlkRhOrdelle 2 (YT ent 6

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 1s specified by

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

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

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

25  Ay(x,y) of a pixel representing the upper left-hand corner of a macroblock in the
current frame I (x,y) with respect to a pixel in the upper left-hand corner 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. Given a reference frame

30 R, (x,y) and, for example, a square macroblock comprising N x N pixels in a current

6



WD 03/ 058945 PCT/1B03/00061 frame (as shown in Figure 4a), the objective
of notion estimation is to find an N x N pixel block in the reference
frame t hawvomatosdves t he characteristics of the macrobl ock ipeTiIBe3/@u61r ent
picture according to sone criterion. This criterion can be, for exanple, a
sum of absolute differences (SAD) between the pixels of the macrobl ock in
the 5 current frane and the bl ock of pixels in the reference franme with
which it is conpared. This process i.s known generally as. "bl ock matching”.
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frame shoul d be searched. However, this is inpractical as it inposes too
hi gh a copgupatd.ofibis phagessas kaown Benevalljeas "blnck deatchingl's tleshwuld beenatedar ch

region is,l15.gener gl restricted,to eq| - ] .arouynd the original

| ocati on H’Ia?’t“ﬁéer}?é rthi%lgS%rRetW #tﬁﬁgio@h?? é%ﬁ“&%ﬁ&r&“gggp%'ﬁg%e PR gure 4c. In
order to KaMEES nbthdveas bk i sanRUMN reftwoBd bBjRcts BAPhidEk EPstaledhBfeds/ &nsmi t t ed
fromthe encoder 10 to the decoder 20, the notion vector field is coded in

the Noti owell @b eotaticaonidiiprpingc klopever, in elTeahideraptions! viggo eedip@sent i ng it
W th rTDEtlmg)&Igg’) g&!h asltﬂosg(%eftegécf t4HR%E So§1’ly h Hﬁl&ﬁ%}} ngpm}%&# I%E)ﬁ%l.qg usddege
pressead usi ng preaeterm ne

segnents are re-ex certdain unctions or, in
ot her wor (ige btloe) and thas fixed teotanfulat geansetryeipseffieithed with a nodel . Al nost

all currently_used notjon vector field node re additive noti nodel s,

conpl yi ng wi t fleate in grdepin ?fgledéﬁ&l%ﬂ“ ﬁ@ﬂ%?@nﬁpaa ?@t@xw,“@@e—@ﬁo tﬂﬁi (X, )

(2) 120 Mrdrefdd Hantd siould Bk Shched) HbRbverishis Wb A3E QP EOH SmBSIEL 1303/ 00061
high a computational burden on the video encoder. Instead, the search region is

15  generally restricted to a region [— p, p] around the original location of the macroblock

in the current frame, as shown in Figure 4c.
In order to reduce further the amount of motion information to be 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 currently used motion vector field models are additive motion

models, complying with the following general formula:

25 Ax(x,y) = Z_a;fi(xd’) (2)
Ay(x,y) = Z big(x,y) (3)

=0



where a; and b; are notion coefficients. The notion coefficients are
transmtted to the decoder 20 (information stream2 in Figures 1 and 2).
Funct i onswD.o3ass$45; are notion field basis functions. ThegTtaBes/donewn bot h
to the encoder and decoder. An approximate notion vector field (AxX(x, vy),
Dy(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 10 and the decoder 2Q, only the tign coefficients need to be
{ransii tt BUCEQ A ftmeton casgicibuigy, Ahs BoRAR CoRfBHARTS are transarite Pon

ired nt. th ti L nf.. i f the f ., Th i npl est
TSRS I e I R N S
coet 1 01 Sl PefIRSEiRR LN T4 B0KR6 LR BlneSABld SRl e NEn V2l Ues of

t
notion vectors are giv I5 This is

t he nodel §6ini 4 T I OAEE208 AR%e LoRtSik $hdPEG 1,
VPEG 2. NBERiate holionlyoc P %&6@9 Aty ] @fide cols %iag’gngbﬁ‘ocks.
Systers vbuffiéichts andthehans figictional Asdicibasis faabnd apkeéwh Yo @B4tfigr m noti on
estimation at full pixel resolution or some integer fraction of full pixel

resol ut i oftoreddp) koth s caceder §japd die degpder d0aonlE thegnglégn sastligients Beed 20 The
G ; : . .
b e ot 1 o o SfRnddtp lqerde e B3, FBLAE i WEIGIMIBIRERRRYSE. o

+ O&( X, Yjepreberit thiiotiodinfoymatidn off rhet frendr edi ction Error Codi ng bl ock 14,
the prediction, error frane E' , is typically c ressed by
representing iLhe simplest WHF‘?%@Q%&%@%W%HE?@HOWP n%?ﬂ%ga’flc PHEISi onal
funct®ns on kG0 Q¥ EMRlets 18 descHbERRIhONH vddRs b LR SOshaf. ThANHQLM (DCT)
can be used.” The transformcoefficients are quantized and entropy (for
exanpl e Huofotiman}ctosciegigiverf by:e they are transnmitted to the decoder
(information 8 WO 03/058945 PCT/1B03/00061 streaml1l in Figures 1 and 2).
Because of the error introduced by quantization, this operation usually
produces sonme degpaday)om, (1 oss of information) in the prediction error
frame E' (x, y). g?( coppensate for this degradation, the encoder (40 al so

conprises a Predi Yo EPr or Decodi ng bl ock 15, where a decoded prediction
error

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

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

Prediction block 13 of the encoder 10, and is given by:
P, (x,) = R, [x + Ax(x, ),y + By, )] )

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

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

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

8



5 frame En (x, y) is constructed using the transformcoefficients. This

| ocally decoded prediction error frame is added to the prediction frame Pn
(x, y) byweddwmsssd® and the resulting decoded current frameTiiBoyoopety) is
stored in the Frame Menory 17 for further use as the next reference frane
Rn+, (Xx,y) . The information stream 2 carrying information about the notion
vectors is 10 conbined with infornation about the prediction error in

mul ti pl exer 16 _and an information stream 3 co tal BI ng typically at |east
those twoSt¥sEgel “bF‘gP’f?fsdr%t%) opecpuse of dhg erfqy g ¢ By gpansigations thigper at i on of

a corr eSpggkgCO L\ g%)g’gx%ﬁﬁ@ég%ﬁm%%e ahitlorﬂ%spgf gﬁé&ﬁdtgﬁ?m ]_tgé- Pﬁ?ﬁﬁ@ﬁm Merory

24 of the tores a prevViously reconstructed eference frane
Rn (X, V) errorfian@ Fk,¢) ) @0 chmpemsatenfof this dégradanom,rthé entodedl O aisd he Moti on
Conpensat ed Prediction block 21 of the decoder 20 according to Equation 5,
using recaenprsts avredictiaodér Récedingibidar Iivawhere admtodidgmedivadrugsorof t he
previously reconstructed reference frane Rn (x, y) . The transmtted

t r ansf®r miemef X, (B ris corstruetag usipg duti trnsfonmepeBicients Ehislocglky degpdedt e used i n
the Prediction Error _Decoding, block 22 to 20 construyct the decoded

predi ct i oRredictign eFP‘éﬁémE“S(‘%idW to thggregictiondragie & dyRdder 1%3nd it ‘F\t fr arre I'n

(x, y) are then reconstructed by adding the prediction frane Pn and
t he decod&gulﬁﬂsdpeqdeéﬁwéﬁmcﬁamer B ViERS %tseredyl)‘ the Kragme Mergqry-d 7gor fugtjc et y) + En
(X, y) = Rn [x + dxé + D\;{x A + En (x, Y) 25 (6) This decoded
current f PSS thageyy engGBFee@a‘inﬁ }anme Menory 24 as the next reference

frame Rn+l(x, TM% 1n(§'or%1aY}9 (gééagé §9é§'¥1§g§§flﬁﬁg§iogcoﬁ%%&tt thF IPnott 8 Vggtgﬁrlk ption of

noti on conpensat e encod present ed above,
the mpoi oaombmé@wnﬂlﬁm(ommyc)n atioy( the pye)dlcmasemr in mgltipﬂlﬁem anmamf a

macrobl ock in the current frame with respect to the reference frame Rn (x,
y) can pHifermatien shHgarg g GPH@“BP&E’I%”‘II}‘@EIE%“F@F@P@ﬂ&)@ef phipformpHoR ISrpans t hat
not i on be%é?ﬁ'?d‘th@ trafesgof a digital video sequence can only be represented
at a resolution éi termned by the inmage pixels in the frane (so-called
full pixel re¥ht¢ opéraimin oﬂ%eranlrreamndmg,wd&wimvw 20hed] mombbe descybedr eci si on, and

e e o L BEaT L PR AL S0 B2, S5 RS |10 o

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 E,, (x,») . The pixels of the decoded

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

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

T,(x,9) = P,(x,) + E, (,) = R, [x + Bx(x, ), y + Ay(x, )|+ E, (3, ).
25 (6)

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

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



vi deo sequence. Typically, nodelling of notion between video franes with
full pixel 10 resolution is not sufficiently accurate to allow efficient

m ni m zatwon3ossdshe prediction error (PE) infornmati on as®OriBex®oed t h each
macr obl ock or frame. Therefore, to enable nore accurate nodelling of real
notion and to hel p reduce the anount of PE information that nust be
transmtted fromencoder to decoder, many video coding standards allow

notion vector o .point "in between" image pixels. In gther words, 15 the
noti on vect or@‘&?ﬁﬁesﬁéﬂ’@on efmoppkeampensated grqodie aadidseeding HAiBdH vectors to

e SO 0 A

decodi ng 4 I ons ageous to

limt the,degt®fRlin g;&aéuggl%ﬁérﬁéwhutr&@@cﬁomﬂe@éﬂeﬁe%%% By, pavg  Thus,

vi deo codi ng standar as those previously nentionkd,”typically only

al | ow not peifit t6edly &f $he gix 18 Uetht weftrencdthrhe. This AdarbUBatirRstidd bedlednesol uti on.
Motion estimati on Wi th sub-pixel resolution can be inplenented as a
t wo- stageffapenekadigitalvideq sequense ean prly B8 represepied ) a repehition detgrmngdr e 5, for

a generi c Vi i . FA WhI i r ve full- or
el ot xoPY BRI PR in BRIEAR: (60 A RUBIkU RS RRRS RATROGIRIE, |

ful | - pi xehowesn|hat athitrary prletsonriand chus shewystem dgaprilogalrabavecaboript | on
estinmation schene, such as bhe | ock-matchin rocess .described. apove. The
resul t i ngPIRSIIEGRPIAEED|E Madsliing ﬂtﬂrp%‘?fk‘éthF%s CGEIF fraues AbaAIAl p gure 5.

In the secRnd sah@f®, ThPRaIRhRRIMEGT HotRbRIEASSdoTrAS il Rl pridge is

114
refined to obtain thé desired hla?f-pl xel resolution. In the exanple
i |1 ust@ at edolutiofrisgnot sufficienty scqusate thoalbovbefficenhinigmedagion ofithe psehetiom bl ocks
of 16 x 16_pi s..the. location of the top-left 30 corner .of each bl ock
bei g mar FESF (G iamion Sl Tin SR EROUERR o RSB ERE 80 Tas [Ax +
M2, AY +eiitbld moWREEratd Mot ingEaftedlakétidnnmd\ahbipsedute tik aRshnt df PRUt cannot
10 WO 03/ 058945 PCT/1B03/00061 be zero at the sane tine. As only the pixel

val ues of indeimgition (that mesebeirsasmytted Someaepter ta desoder) wesy yidee cedingpl e,

| um nance 1: " Sub- pi [.di at

hal f - pi xeftgﬁ(g%a{?lgows&glrlgﬁggﬁ?r% g‘ﬁ@ 51??%%%%1 o#‘%g%g&:e?s; hlb%ﬁlggv@g%r ch bl ocks,
usi ng1% omehefmstionofectons empnlvatl'subfpiselh eszelution HAVowing mbesrpedcadreth lidve val ues
of the sub-pixels at half-pixel resolutiqgn, each of _the eight search

bl ocks is s%n’»gsalrrééplwicwqdﬁgo thecrupleitk ohthssacoding anl decetine operatiprs ng

SOUGNL - Al fhubiife RkAEedb H1 891 REAGERSoRI ARIRE defic@brgfasiko det er i ne

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

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

10



notion vector with full pixel resolution, the macroblock is conpared with
each of the eight search blocks according to sone criterion, for exanple a
SAD. As awpasbt94®f 10 the conparisons, a nm ni mrum SAD val mevBbd/oogener al |y
be obtai ned. Depending on the nature of the notion in the video sequence,
this mninmum val ue may correspond to the |ocation specified by the
original notion vector (having full-pixel resolution), or it may

correspond to a location havin hal f- pj xel .resol.ution.. Thus, it is
possi bl e D6 25adt HiBsrine o b LKA S PEF B RABERBRAE Sk | - i xel
or sub- pi x@l vaRGeqfor @Qampie, @REndnke PointGhinaREO AMidsPOE ihd sRRPIxeRr i ate, to

determ ne the correct sub-pixel resolution notion vector. In practice, the
esti mat i omestdingatshalf-pksddbcaiahsiareiestimated fafeactentibe eightraew seargheblpdisped by

i nterpol ating the_val of e sup-pi xel from surroundi ng pi xel values. In
general , iuﬁlng%‘BF_g?%ﬂelB'ferpé’tlgf%‘-sﬁF?%‘ val ue F(x,y) situated at a
non-inseger | eingQMteddidted the hafes Bfthk ¥ub-pikelé)at hel8PiREresOlb, 2a&oRS a

t wo- di nensi onal operation, represented mathematically as: K=1 L=l F(x, Y)

= E > f (k the qight seargh Fogkstisigomppred with thy magrebjockwhosg miofieavecterig, 1) are

respect | varyE DI A SRpEVRRE oA BRGEL DERo e b BREPM B BPRY . o

dependent n@tiohRectsr withduly pixal esluang thd@adroblockpil cdtparedfwith eich ofitte usual |y
so-called "separahle filters", in which case sub-pixel value F(x,y) can be
cal cul at e§ighksemb tlggks agaordipgda semp eatsripE TPy %@9798%@@-@ agesyltpfy " y) = |

F (K 40K) ghe donfphri& AQE@{% itnufn SADvahle W) genbrallf b TbidintAS DBEARR, ¥ctOrs are
cal cul ate ei r? the 0en’co érl. uOnce tY‘le ecorrge%lpgngi ﬁé) ml)l}tl on coe?%%‘ci ents are
transm tt ¢t daturt lo€theenatoberin the video sequencaj thistrhimimamd alret thay cdrespertder pol at e

5 the required sub-pixe using.an interpol ation.nethod identical to that
osed'i nribEdeGER ST EhE gyl PG B G R r GERME N arre 1 1
the Franme oMRiRdyYcoddsponddd alisealibh AahE b aAIEDidel REbIABH MBI #RGRsEBRAB and the
transnitted notion vectors. Conventionally, the interpolation filters used

in video datctmesvhgthgr 8 aratigavector should point to a full-pixel or sub-pixel location,

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) = (n+Ax, m+Ay), can be formulated as a two-dimensional operation,

represented mathematically as:
L=1
F(x,y)= fk+K, I+ LYF(n+k,m+1) @)
=1L

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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enploy fixed filter coefficient values and the same filter (i.e., the sane
type of filter 10 with the sane filter coefficient values) is used for all
frames ofwae miog®as sequence being coded. The sanme filter ipsETiiBOYIVE61 used
for all video sequences, irrespective of their nature and how t hey were
acquired (captured). Wedi ("Adaptive Interpolation Filter for Mtion
Conpensated Hybrid Video Coding," Picture Coding Synmposium (PCS 2001),
Seoul , Korea, April 2001) proposes the use of interpolation filters with

15 adaptl ve filten Ja r,Lgyconpensate foygcertain
shortcom ngs in rggo)@ ;,};(fg(ctjl n SE kg ?}f%%bar? cuI ar, Wedi (E:s)cri bes
how aliasing in the i mage ach|S|t|on process, the flnlte resol ution of

al  owed notion vectors and the limted validity of the transl ational
noti on rmgﬁ ntrod ce additional red Al asin |naV|deo
%"‘8

e ar 408 meliah FEctR 4 Gtcuieq i B Glcater Shef e Frespandutt mpifon,

consequentodiafiehtyafd it totRed iyt B is Saragttigwdidanittito irﬁ'erbdil@tel mage
acqui sition process. Aliasing dist urbs motion conpensated prediction within

t he vi¥eothegeqpired sub-@intlyisingar inteepalaticarmethad idestied! tpthatinsediiwtheer r or

Tl |- pi xeP1ecAge this Fay BLFEhE Pule 4 B ice Tt ML BRELARR A€, ot ¢ e

transl ati oamabe mns&ncmﬁ@mﬂmém%ﬁﬁrhemlmehmmsmntwahotﬂﬁ ab@rsverti cal
transl ati onal _novenent  bet ween succ§§S| ve video franmes also give rise to

addi tional preanantignallys therintemplatiop ftliesnused ipyideg grqoders apd dpendes t hat an
' fmrOve”E%pldgrh)&aﬁnggc&ffﬁ&%mmé ﬁﬁd‘th‘é%?ﬁg*ﬂh%f/ d. Rife éﬂ?qut)@&t%ﬁﬂf@ filter

coefficien l'ues I nt erpo ati1on ter o ‘conpens or the
addi t 1@nakvithrtbeisame flterepefficeent mlu@dmddﬁqralld’rmmfg,wdaometlmnmt| on vect or

i si d linited i t. t he .t t.i . 12 WO
051 053945 PO RS T BR: Lt Athek peeiror T vidto, SORen eSS ipheatyediod ¢ hat
si nce t heyp#tdahRe aiheh MAGH&E 'a&idn%ﬁf&{ptdraﬁ mHmAuggsﬂmnteﬂmachdeo

sequence, the optimal intérpolation ter varies as function of time

and |mageFlltﬂ:azruMwlon/@@mpmt@éﬁy@néﬁhésmﬁpqheg ﬂi’mmec(l‘vpdmg Sm@nml ation

filter w | ter fICI nt._va biSes egrated 5
nto the OSEOT S8l %AEE Mert 300D, kb fiq st of BroBlliGh alfrs il - e
def i nesl bydapﬁeéﬁlthfbaﬁrﬁdlérﬂﬂv)alués il Mdeﬂtdlfoni‘ﬂ)eﬂ@dxe ﬂﬁ%@rt@m@ﬂ@rtaiﬁﬁﬁgsﬂh pi xel
notion vector resolution and a Wener-type interpglation filter with six

symmet ri c the videsrcodgigrrpedse dp particplay, ped: idpscaibys how aligsingip|the iaggent ed i n
Vedi  pr Opg&ﬁﬁmmb&g thb Binftd FdsElutiGR G filedMhStion vectors and the limited

validity of the translational motion model introduce additional prediction errors.
Aliasing 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 translational movement between successive video frames also give rise to
additional prediction error contributions. Wedi further proposes that an improvement
in coding efficiency can be achieved by adapting the filter coefficient values of an
interpolation filter to compensate for the additional prediction errors introduced by
aliasing, finite motion vector precision and limited validity of the translational motion

30 model.
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of the interpolation filter on a frame-by-franme basis, differentially
coding the filter 10 coefficients and transmtting themto the decoder as
si de i nf owoaiossy4t 0 the main video data. A proposal base@canBoinosciappr oach
was nmade to include the use of interpolation filters with dynamcally
adaptive filter coefficient values in Test Mbdel 8 of the H 26L video
codec. This is presented in the ITU - Tel econmuni cati ons Standardi zati on

Sector entitlegd: "Adaptive Interpol ation Filter for H 26L" Study.1l5 G oup
Yo, oueati on Borspérisaients ey B ECiel it pobte Mt ke iEaitDs

Sept ember o280 lodd valyly i@ aRe&dd deGuéhite AHABHtIME! ihtiR ARInA 1t Rafds! dsqr f or

H 26L" Study G oup 16, Question 6, Video Coding Experts Goup (VCEG,

docunent {oE®n ofiteng andianagatbesationo Fedinpresanseanogxagpleaimiveieh gn adapt i ve
interpolation filters raises an.nport i - nelatin t he codi ng
effici enclﬁlt% 01? & g&%ro ghémaajé%alfe{ara%gpté‘%rrﬁégar#g%ﬁmae%tg‘éal%eass}g glrtl%rgetfg‘ (fi ect on the

error g esintdé $rae261 videe cedwepaiott specigioaltin tise vetsion bfthuecodbc defidddy ef fi ci ency
can be understood in a straightforward manner. In_a video coding system

that enpl &% Mefel GENMED &1 BYiLothof H|26Brusedd PReranaticadiyel modlon ¢6ePY i ci ent
val ues, t&%lﬁti‘)ﬁmﬂf’a WALt nciggégﬁddiggns@’ rhilf gs{i;g?%hﬁ&r{ceﬂl?e} h&gﬁgﬁﬁsr‘e filter

coefficient values In the eo It-stream ter
coef fi ci e(6-tapdiles)s Thaexamplppresdred mdedi @uoposed ddaptingithe fillencaadficientad vi deo
nted. according to

decoder. |p_other rd in a_video coding.systeminpl en

2 parti cuPhheneReltgn NG & & FamPRYC KRS Bt ey cpHpE M on
filteys, thgnciemsbhEhetniNAkRn & GeRebodef 804 a0TRS bR P@emagncoder and
decoder according to the specifications of the standard. However, if

dynani cal vijeadatpt Avopsal hdsedon tuesinreichrvas mads taincwdedhe se ddecones
necessary.to transpyt infornation relati to he .coefficient values. As
TheCeTP Rt Lot Plcrs WAt Mty harftvs Mot Eoosliffrs GRS ol 557 058045
PCT/ | BO3/ 900t H.L6BRRiebYoddcaThishasiesonted iithe TS e Feletorhiuaidasordso t he anmount
of information to be sent fromthe video encoder to the decoder and has a

del et er i oStangdgrilizationbeciayentied: éAdpperaterpalatiandiiltes for Ha26d-"WtelBo codi ng
appligati i i t 1 I 5 nsmtted
e gof Sy oF e, R ueREE Vidddtodfe BIRUI itk (VEHRD Wi in GcRE K0S
conpensat Septemba200aané fMoed Results b prdaptvd atarpslatidn Fikter by H261C' Study
interpolation filters is_needed, Regarding err resilience, it should be

r
appr eci at Spoupnkh, Quﬁglqm Viideo (roding Experts Group (V%EG), ocument 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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i nformati on about the coefficients of a dynamcally variable interpolation
filter is transmtted fromencoder to decoder nay affect the
suscept i bwbiospssofis t he vi deo data to 10 transm ssion error SCTNBO00061
specifically, in a video coding systemthat enploys dynamcally adaptive
interpolation filters, correct reconstruction of a frame of a video
sequence at the decoder is reliant on correct reception and decoding of the

filter eff|C|ent val ues, If the infor tlonrelat ng to the coefficient
val ues .s?réwsj bydramebasis), Bis nagessHYY i flds torthampwiofintPraAH R R 8RSt o

decoder, %Mtﬁpbgﬁg ef?éodw@itp@aea&tewﬁtfﬁq aﬂdﬁleverfé,%@eff@ét%n'c%dingke' y. There are

three ways of g the ter coefficients known from prior art. The
first is tfficemty.obylowdderatdradés tading appichtiaiscaty incrcasesn slepamamebf/. The

second is.to entropy code filte fficient values differentially with
respect tB‘f("i‘"?alt’f)ﬁrtg%%g?lfsﬁft%‘ﬁissgeﬂ?mg}’ ‘ge&gra &coded filters (as proposed in

Veedi ) and t heThly §flordsr doQ@ptifRily Reoddl SRE codipehidtd oBoRNM FRéent he i ndex of
the selected filter. 20 The prior art solutions that coul d be used for

codi ng i nrepresontatioroef the Hymamic gwerpplagion filters inneadedt | oned above, all have
probl ens assogiated w t ht eml |ff enarios,. The first
et hod, i n whRea e kbRt A sforiHeaPhresRAMa AT 08, bEonich fe

separ at el nfoinition abo\ftehd eefGaeits of @eyﬁmlﬂﬁ@c\&nasleﬁﬁterpoﬂatmetﬂteﬁQ;t utilise
any a priori information (i.e., information about previous|ly coded

i nter poI atraesmifted fram epsodesdd decorenmay; afferd the susgeptibidisy,plthe yidep datsrier e
requi § . ﬁg?éﬁﬂgéf&%’eljrcﬂg g\grraenéggghcﬁ % i ir 5'(1@%5@)&1 %?}‘}ps?einl?ﬂla@ ? y0 the encoded

vi deo -streamin or escrl I nt ati1on I'ter coefficient
val ues. Didfrantieally @laptivedintegpadétidrh@ltagebfrectirerunstrudon of adpanses a iddedi , is

efficient, but ma not d in an environnen
transm ss?‘“(ﬂﬁ‘e’é‘ier*’é d%g?‘%éésfe antqry ‘ioé‘ieCUS‘é‘prIPE|agé1f1§°°618’p£9fsdﬁ%mt%ror rect

decodi Ng gherhdihi RluedOrtht hffBrrﬁan%Bfrélﬁhﬁg‘fosthe OsefREBNI VAR Ys ARkt ided, if the
encoded video bit-streamis subject to error during its transm ssion from

encoder t errdedirihgrifs trapsmispioh dronpéncoder toiddealed aptruptian §idhe s7c06804E:d

PCT/ 1 B0O3/ 0006 structed at the d der ccur,. The third
b or Tt VB dpaRTRIIE e 7 diks Mg OLERT e FiepletEricicrls RIS RPD™ 1 1 t e
al ternati yagr #0dheMdg 1§it%9§xﬁ@F?cb&@th@ﬂbﬂ@)e@ﬂﬁé&ﬁzﬁﬁﬂé@@epaﬁﬂel?tm words, this
option cannot achieve the fu advantages of using interpolation filters

wi t h dynastcond istogatpny easefthe fikier C@s@“rcmnéwéln@s differeaallywithgespectdat i n Wedi .

;I'Egs 't %ﬂgruco%ffbcwn%g &f ﬁfea&‘}g Sgcotdgc?hlt&lg%s pr'oﬁos%d iF %di) %hd ?herfﬁltrg' ?squf coding

define a set of filters and code the index of the selected filter.

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

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

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

to error during its transmission from encoder to decoder, corruption of the video data
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coefficient values of adaptive interpolation filters that is both efficient
and does not |ead to deterioration in the error resilience of the encoded
vi deo bi twetmmasws 10 Summary of the Invention The present POTMBOZ/00061

conbi nes the good coding efficiency of differential coding with error
resilient features allowing it to be used in all environnents. It is
therefore particularly suited for inplenentation in a video coding system

for use in error prone envirog nts, for | e where an encoded vi deo
bi t - st realf?ﬁ?%st%t%ét thfsieﬁngﬁssrﬁq&gfyete Qsgwr The tﬁ"&aﬂe PR VIERE | nk

subj ect tﬁ’rehﬂirﬁ%ﬁfsﬁf Stififers %?Wﬁles 81919@1&19 de’aglltteﬁlaﬁb@s drld"tfds (?%Pﬁ%& i@l the present

i nvention ere I's provi encoding images in a digital

vi deo sequeimgpdrimypncey idothgr wm(dsdbds thldaoammadueW”thc ﬁllhadVIamag@ngft al video
sequence co ri ses a sg@uenc f vidﬁo frane 3 nr

plurality"Bf Bﬁt%?lag%‘? g's WAL YR Pﬁagﬁptﬁvﬁ bB‘?e {3?18‘?{ YA Sﬁ'gw ng a 20
plurald tyo@fingref.ficients represented by a plurality of coefficient values
is used for reconstructing the pixel values in a frame of said digital

vi deo sequenc€his; grshowld begplar@@lé@d\thaﬂél@r@maaleetm@r Fmethod of codirgathgct eri zed by

codlngthe efflc ent h ati [ {1 ntially
Wth O eofeetpaby G ERor AR S R on PLESRE: AN o i ocsFhE oo

val ues, apdd @bdackahiicinghé er&atsiBénddioff tiey @r6Geddll¢tebit-sifeanh e encoded vi deo
data so that the reconstruction of the pixel values is based on said set

of difference values. Advantageously, the encoded video data including

encod?dj V%Mﬁf Hg'?)‘i“tﬁ@fﬂv‘éﬁtn% said set of difference values, and said set of

di fference va ntro coded before being transmitted from the video
encoder to theThe ﬂmeerdmd&mn ccﬁﬁbﬂ@h/taagagcbcmh]hg/eff’mtmcpoédi&krenaaﬂ base filter

has a pluralit f coeffjci nts aVLngv ues statisticall imlar to the
Coot 11 0i offing B gy resthett fepures AlBVTIt 14 b ed T Ak b ar0bel A5

PCT/ | BO3/ §QQ%dre pARUANEBARALS ¥ umﬁféﬁxeﬁﬁﬁf)ﬁ iufh 6181% c&img bestdrpr&nRelmt | on
filter are selected for interpolation of pixel values in a selected inage

segnent . éulerroRgeBimnmentshior pxeemlé whete dreeneoded tideo hitstrdanxisdo beef f i ci ent
val et ARSIl SOFR BIEOL AREE: e 2 L un Y
Preferably, thehid)hedp@ihatd B Hrstlablsﬁct bBths yrasehtihealtios Wabretifpoviieliy hal f the
filter 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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coefficients are coded. Advantageously, the coefficient values of the
interpolation filter are coded in a certain order, froma first

coeffici ewDosmbgsesto a | ast coefficient value, and the cercaiiBo3/@deior der is
different fromthe spatial order of said coefficients. Advantageously, the
sum of the coefficient values of the interpolation filter is fixed.

Advant ageousl y, the predefined base filter has a plurality of coefficient

val ues, and a constant value is added to the coefficient values of the
predefined basédyantpgsously, thg soeflicients of thedaternpdationdilter argeselsetedite er ences

bet ween  igebali6 61 SO0 MRlUES, Gliedlied AkpaRLAL i on (il ter and the

coefficient ues the predefi ne ter. According to the second
aspect of the pdeasageouslyght predefindderase filtepphras\fixdé doafficientdeduesncoder, whi ch

conprises: neans for encodjng i es in igital video sequence having a
sequence of Zg‘d\‘/’?’}i%%?of‘?léiﬁbgg’feggg Sﬁﬁ_ﬁﬁrd@%@d’g‘érahviQipé?Befg"g_fe&tsi ndi cative of
the vigleo,SRMIGRGKs stRRELs of th@TRIeOkequRBcy/| deO sequence conprising a
plurality of pixel values, and neans for defining an interpolation filter

f or reconst r ucPreferablyethpiinteripolatibm &idter 13 symnfetragabsush thationlydhalf thalfilter deo
sequence in ﬁ .detcodi ng rocess, wherein the interpolation filter has a
number of SXBBFFNE Aoy esented by a plurality of coefficient val ues.

25 The vi deo en@ogiRhigdotisloNBE 86drHEIAOhIRYE oM Ihterpf A THteY Qrd ddbdtha
interpolation filter, for conputing a difference between the coefficient

val ues of cestirjordst. digpop Airst epeffipientyalemie lagcesliciontyrlpagad the qegpin f or
pro"'Pd”%%éfs%iff&di‘ﬂ tir%}rﬁ'ﬁ?ensgﬁggl?r&'&gﬁs Q%E@ﬁ{},ﬁts“m adapting said set of
ues I n ea vi deo

di fference va e enco ata so 30 that the reconstruction
of the pixel valdusgtageoutlpgheaanoi by qoeffiodss valaedathe imerpsiation fiter is of
differ encg val ues. 16 WD 03/058945 PCT/1B03/ 00061 Advantageously, the
encoder ¢ ﬁﬁfises nmeans for entropy coding said set of difference val ues

before adaptin i &R i i dat a.
According to t%g%t t?%%ﬁgg’giel%?f o%ﬁl{i he p?ggg%iamﬁﬁ?ﬁocﬁ%teﬁgggy}’%&% ovi ded a

5 net hod add deastinhgalue teddethtoahé netifiaientaluek ofi thti pyededined bakedileeguence

COMPTES! NYs & reduce the amplitude of differences between the coefficient values of the

interpolation filter and the coefficient values of the predefined base filter.
According to the second aspect of the present invention, there is provided a
video encoder, which comprises:
means for encoding images in a digital video sequence having a sequence of
20  video frames for providing encoded video data indicative of the video sequence, each
frame of the video sequence comprising a plurality of pixel values, and
means for defining an interpolation filter for reconstructing the pixel values in
a frame of said digital video sequence in a decoding process, wherein the interpolation
filter has a number of coefficients represented by a plurality of coefficient values.
25 The video encoder 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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sequence of video frames, each franme of the video sequence conprising a
plurality of pixel values, wherein an interpolation filter having a

pl uralitywofo3ossfisi cients represented by a plurality of eosfiBixioesit val ues
is used for reconstructing the pixel values in a frane of said digital

vi deo sequence. The nethod is characterized by 10 retrieving fromthe video
data a set of difference values, said set of difference values indicative
of a differencggbetween t he coefficient values of the iaterpol ation filter

and a predef i né4va4ageopsly18F enAdRSFIRRISEHBIeans 1F PHEPYrGoingsaleef on sai d
set of di ffrRI&SREGall Aot iEsai 4R IEA RS D ARBed ihlthEbncondtividés
reconstrugtflﬁng@ofat ﬁgeblf)flé?gaﬂgea@ﬁs& basedlen 'E:he ffjrlt her r%Ciol terl.

Advant agedatsl y, the predefined base filter has a plurality of coefficients
represented by,a plurality of coefficient val ue d the cagnstruction of
furthor 111 1ot Apeftotigth el aSsg! el fnProet driten T P ERERRe val uos

W th thie gREHIEdediNEYidesdfh iddi@tivebesl8fgithPed@psRuéndeicBmprisilg a _
Advant ageously, said set of difference values is retrieved fromthe video
data by sequemnsyofdedeodiames, geshdragenf thovidpesdqueraciromppeng agflurehty qfr esent
invention,.there is, provide Vi r Al.C rises means for
recei vi ngpl\fleg‘é%&éa‘fvggrleﬁl %lggﬁsl%t}oélgfﬁ]%rg ﬁ\glgg S %uéy\%@?&?%glgle Eastt a indicative
of a di gi tepres¥ntd@bdy apUULNyDfCoHticti Nlued iSaspdabCRcOistAbting teixel anes, each
frame of the video sequence conprising a plurality of pixel values. The

vi deo dectlues ing fearag elcsardt digiel vigeo segdanse.f bhe methorldsy chigackerized byt dif ference
val uegy from t h%g?é\ﬁﬁ%ﬁgg@gé yﬁéﬁﬁtafa%t SUAE eﬁ&t\"é{)ll?esgfbfi# ggt%?ﬂﬁfe?ér{c@” filter

based on a pre I ne ter and sald set erence val ues; and
30 neans Vaneyiadoatste afct diffgrenbebgiveeal the abeffisientvaudsrodithee inferpdigtion deo
sequence Base ong%eg_e igt erfﬁol ation filter and the received video data. 17
WD 03/ 058548 Rreeesinge 88 1Sy ant ageousl y, the video decoder al so has
means for sumigguasch $Rirthef fildlHa8d il ek Be&ifRtdnle VlGed Adiher
coefficient values of the predefined base filter for constructing the

i nt er pol apredefifdd bage filtemdndreans for entropy decoding said set of

diff eignce val ye%gnsfn[u%{}}lé QF thg 'pgx-e? Qzarllggsr%ased on the further filter.

Advantageously, the predefined base filter has a plurality of coefficients

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

20 Advantageously, said set of difference values 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 values in a frame of the video sequence

based on the interpolation filter and the received video data.
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5 According to the fifth aspect of the present invention, there is provided
by a video coding system which conprises: an encoder for encodi ng i mages
in a di giwalo3wssed sequence having a sequence of video framaBod/aoel
provi di ng encoded video data in a bit-streamindicative of the video
sequence, each franme of the video sequence conprising a plurality of pixe
10 val ues, the encoder having neans for defining an interpolation filter
for reconstructing the pixel values, in a frame of said digital video

sequence in a Ad¥HHRERFUHYJbeyideo dFdepplso haremeansdeimpingfaidisekdr has a
plurali .tydﬂferéﬂc LEfueSQ ftlllecf ﬁﬂ&%co@ﬁ&ﬁ&ﬁ%glh@gopﬂﬁe ﬁred@hﬁgdadagé Ythff f
a 3eco he enco ed V|8

coefficients vaiﬁues, an er tor recelving the {ao data in
t he bit - stomancting thé mterpolansh filtet amdymichies for gthopyaleoading said sétrodine of t he

vi deo sequepce in the_decodjn rocess. The video coding systemis

char act erﬁﬁgaemﬁ%wg% ﬁPWég%hﬁ'gH further conprises: neans for conputing a
differgnce bet weedkqlry b fifh SpPQ! FlhOfreddnt Ienddif tiRre RpBSIGIdNGFa base
filter for providing a set of difference values, and 20 neans for adapting

sai d set wuidedicfding systemwahigkesomprigehe bit-stream and that the decoding
conprises: neans for. retrieving fromthe bit-streamsajd.set of difference
Vel Les: and  mEAARSARSH g SrimoRg i el i PRSP hRaRT D bt

predef i nedr Bias& frhinks &3r ppAdding Bcoded videy @dtaseh bafst@hififdieke oféele so that
the reconstruction of the pixel values in 25 the decoding process is based

on the fuvidgepequenee eachiameotthe visiep spqueaes ¢amaryisgie 4 plarabfeatmixeli nvent i on
o o ' U1 o St nv
v g+ TROBP R GRhoct gt 57 GG Rl pblAth PRCCRS FpRL Rl

conj uncti on W € un
however, tHeglixdl valhuds ava figrae af saidldigitainddecssEqetncefima d8édbdinpprpessposes of

illustration and not as a definitigon of t limts of the invention. 18 WO

03/ 058945 VPereiT BeInteme lon%‘i%\‘as@e}%leﬁaﬁbt?*{}fe\‘teﬁ@)?fh&leﬁséwfﬁ%j&teﬁi e 1is a

bl ock di a?fu?zmt%t)fEkﬁéfféél%ﬁt@galﬁe%‘ﬁﬂ@ri c video encoder according to prior art.
| oc [

Figure 2 I's a ragramillustrating a generic video decoder according
to 5 prior artdecoder for receiving the encoded video data in the bit-stream for

15  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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Figure 3 is a schematic representation illustrating the types of franes
used in video encoding. Figure 4a is a schematic representation

il lustratwogsassyagr obl ock in a current franme. 10 Fi gure #oTiiBozom®eihemati c
representation illustrating a reference frame for bl ock- matching. Figure
4c is a schematic representation illustrating a search region around the
original location of the macroblock in the current frame. Figure 5 is a
schematic rg?resentation illustrating the process of notion 15 estinmation
t o sub- pi RBeiel Desaintionnf the Brawingig to prior art. Figure 6a is a schematic
representati og; i t.ratl I i -af | i - JBigure 6b is
a schematic rgﬁp%aésg%taab?{’dgr}& ?@Fﬁ@? pgﬁﬁ% a%%gé%ﬁlﬁé%%ﬂfgéﬂeéf %@Jdgllgitgn bei ng
deconposegriomdrd t he base filter and the difference coefficients. 20 Figure
6c is a schenptic representation illustrating the difference coefficients
Lo be coded HiRiesEia tﬁeﬁﬁ41@@3@683%¥4tln§iag%5p@96W15%0 (gecsﬁ%;ae%r ogriam
illustgathpg- fttermnal device conprising video encoding and decodi ng
equi pnent “ capabl e of carrying out the present invention. Figure 8ais a
bl ock di agr anFigutadisraachemgatic repateentgivnotiustratiog trediypes afdrame@misgst of er r ed
enbodi nent . of th%f resent invention. Figure 8b is a block diagram

i |1 ustrat 1§50 &S encoder according to another enbodi nent of the
present i nvenkigahs 44k d¥EiRnBicirSprosdtaiok _ﬂqiis@qm%rra idaktébldcRtih BGueti deo
encoder according to yet another enbodi ment of the present invention. 30
Fi gure 9aftamea bl ock diagramillustrating a video decoder according to a
preferred enbad] t..Qf r ' ' _
bCT/ | B3/ oooeﬁgl"%?‘g’u‘rsg S@%ﬁ%@%@%@*@ﬁg&&%ﬁ %g%f{gg‘é%%ﬁ%gg?‘éﬁ’é%cé‘ decoder
accor di ngntacchaipot her  enbodi nent of the present invention. Figure 9¢c is a

bl ock diagramjllustrating a video decoder according to yet %nother
enbodi nent of FigHEe 4&1@ asehematic aepressatation illustrating a search region around the

original location of the macroblock in the current frame.

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

preferred embodiment of the present invention.

19



5 Best Mode to Carry Qut the Invention The encoder, according to the
present invention, codes filter coefficients differentially with respect
to predefwoadobsase filter coefficients. Figures 6a - 6c IPCTuBty@v&@ t he
met hod according to the present invention. The bar graphs presented in 10
Figure 6a are representative of interpolation filter coefficient val ues,
each bar corresponding to one of the filter coefficients. The height of a
bar represents the resER ectjve CQ fficient value, bars extendi rng above the

hori zontal axFeufcshrigad qkrpgagrﬁaék ystrpling g ¥idep dpeader acoopring toppotheeyt endi ng

bel ow t he atdye coefficient values. Referring to
Fi gure 6aelgg§jd|&—lgg{1@éh@%{e§e gg}%ar graph 110 represents 15 the filter that

t he encoder dE]tgerBth it @ bbekhitsgrars ullusadtifipa vides derodenseopbhgtoi yeh of a

sel ected i S |Iethe bar. graph 140 represents the base filter.
In the e% “'g’%g\??f’nitﬂ F—“ieéj’ﬂ‘?séméﬁve“tnﬂg filter is a 6-tap symetric filter
having; 6 filter coefficients. Instead of sending the filter coefficients
as such, only the differences 130 between the selected filter 110 and the
base filt BestModateeCanyddutathd IseentionThe 20 sent coeffi ci ents 120 are shown
in Figure 6c. Wth the gresent tﬁtl on, gl nqjg tal ed since
the small anplitu ° PP ?‘é:ﬁﬁ(ggg'i? Bresc%ﬂfévc?n PYiefe e ent r opy
coder . \WheitfesdntibllflivitheepReto praleBREd Bdse filteetdediReents ﬁg@m@d&& vi deo
bit-stream produced by a video encoder, and  the video bhit-streamis

transmi t t BHistate the ethed aereeding b the prsert dpvstiphg The byamaphsyresentsd in
coeffjgi eﬁ} éaérg?e rgbte aﬁ%g)ﬁn Jihth itk QBeffiBichPrATS E&éﬁgﬁg at the

decoder r| eV| d nce va ues rom e &énco bit-stream
and addi ngoxtéspdmdlmg tohﬁleroe’s}meﬁltter\ceeffmmafsf iThie dwighv of ailbs refretdnes the edef i ned

base filter stored j.n the_ decoder. |t s oulg Be not d that the base filter
can al so FrsPertixp cerffipignt Yadues parsiextendios gpoyefhe 9‘?‘%’63 SXFIENEEURY 1 ecei ved

filter ?ﬁ&ﬁ&é Fridd? vmeg BGFs dxFRGR g%ewth%%ha&tmx% hbgdigacy. It is also
possi bl e at t e base filter is predefined for the whole codec. In other

wor ds, t heosfficrentprabitef Rafedritmmdriguretbaand Figuseob, fthg baxigraphi déagepresgntsnces t o
2 ﬁarzgﬁ/\gr &?é{fﬁf?g aﬁgfhlzgﬁwﬁcl’ aéﬁggtgg%P%ﬁ sgﬂﬂg?dg{’rrelgg ecfn:te\ég(’lgg“ﬂ{ ?htgar natively, the
base filt edledtéd BRI, White thk B8Oz mo fe fbsentgit}feflﬁlé@ﬁkerbaﬁl&hé ilters are
used for different video sequences, or the Base | ter can be adapted
duri ng enexamplg shown in Figure 6a, the filter is a 6- -tap symmetnc ﬁlter having 6 filter
coefficients. Instead of sending the filter coefficients as such, only the differences
130 between the selected filter 110 and the base filter 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 interpolation filter can be reconstructed at the decoder by retrieving
the difference values from the encoded bit-stream and adding them to the respective
coefficient values of the predefined base filter stored in the decoder.
It should be noted that the base filter can also be adapted to the statistics of the
video sequence and received filter coefficients to further improve the coding

30 efficiency. Itis also possible that the base filter is predefined for the whole codec. In

other words, the same predefined base filter is used for all video sequences to be
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of a particular video sequence according to certain predefined rules. 5 If
the filter is symmetric, as shown in Figures 6a to 6¢c, only half of the
filter cwoefiBiosssents need to be coded. The others can be @oraBozaosly
copying. In the exanple presented in Figure 6¢, the anount of information
needed to represent the coefficient values of the adaptive interpolation
filter in the encoded video bit-stream can be further reduced by realizing
that the 4th, 5th and 6th filter coefficients are identical to 10
respect i veadgds iessictve offlieia glpragieristics tastheway i whishfhey arnaeguiredh t hi s case,
the six i Lt coded by
t hree val fégg%{ﬁéﬁ,ﬁ@g? fhtg?ls aﬁeﬁ%gﬁ \@%’V% tdhe gléf ﬁe}fralée%’g%&% filév%é%ﬁethe first
i nt er pol atidedrof diffemnt vided f;dqaemt; ankk bisbdilter catbecapted dugng emdodinge
predefined base filter, the second represent atl%el/e of the difference

bet ween t P2 REHGHA Yideaseguense pesording @ pertappredeiingdirulesd t he second 15
coeffigi ent r i tative of

t he dlé‘:ferengfeftﬁﬂglttév%éggﬁaﬁe th@%\%y&gé?%urisﬁi&%%? #dt”l%?&iggg fglq%t:%gnt and the
t hi rd coetddfficiemts nedd tbfve cogede déifei ateats baske dhthined by bopyisg. t Inghe cminwlmec essary

to include thes ree difference Iue in encoded vi de stream
o ¢t B GBR G (o SHENE RSO e g SO R P ey

remai ni ngv&l{iése&‘thé‘&f‘abﬂ% itdrplatidd ﬁﬁér 16 8RS drlc6d QINfiedBit-HPRNPBI B € 20 copyi ng
of the first three reconstructed filter coefficient values. A simlar

appr oach fusther tedueeddpt realizing thaethp 48w 5fh andegth flter ¢asffenigys aneiidanticaltoer have
an odg rather ..t a v ef.fi n evert hel ess
symetric quecflvh]g'ﬁlll%gr Enfyndnﬁgﬁgérl G ef Clent; fﬁeugi aﬁhla%? %aﬁ{ tslll)g nunber of
di f f er enceoeffitie@s of theliftefpolididn ifistef &&Qaictu'ally behedai by thee vahestatiest of
coefficients in the base filter/interpolation filter. 25 The net hod

accor di ngrePEsERatiyy o dbedifferapen bediser e fupisiptemelatinndiliss gostiickntander
coeffici eﬁltﬁ fg&%oc@iﬂ' ng?lrt gp Bréagfc] lf?ter,%es gom rem§ént£tf\%cﬂf% l'y used

filters ca Fife elr I'ndexes. Less frequently used
filters cadiffebmce betmctenitersetdnd 1ntéq3ﬂat1dnefdte|r nwfﬁtuenmﬂlth@mcngd naxi num

vart aid on L9ghe AvaLLable LiLlote and Lhereby oversom i e previ ousty
coef fici epgirpiah Hﬁsthlr@ﬁlté%lgt%xpéﬁ%ewénk BRBHEAREd cocFiGemtQtitRd Or der of the

filter coefficients does not have to follow the spatial order. For exanple,
the diff epedc@laddjaaeﬁltcre rit msﬂmmtcmtly neceedary tmenclnd@ﬁqgsﬂ thrdeghfférenceer

,f ﬁgf L;ﬁ%egglugsailn%Esen%% ed V1 eo l?? stlré]a% g.gs(xjnﬁted h—gﬁ"l e%rc]g ddt\elc‘!o gro ast,) {hte streamin

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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order as the coefficients occur in the filter. In this case a predefined
rule specifying 5 the order in which the difference val ues appear in the
bi t - st reawormasssobe defi ned and known to both encoder andpdeaBeooosllt is
possi ble that the base filter is adapted to the received filter
coefficients of the sane filter. For exanple, if the first transmtted
filter coefficient is larger than the base filter coefficient, the second

base filter coefficient can be decreased. This is 10 especially true if the
sum on the filhepodipgenipreidhe &ltpscaehfients d9gsinehhavg todpllow thespptialhe il ter

coefficie i | , A : t he | ast
filter COE} f'c?%{]%x?&ghe{ {hlrét&fg%n%e cai é?ﬁrg{eé%tl@ogﬁbet@g@g }th]%n?ﬂtg{asum of the
first coetdéfficient wldes ased de bedtcdhdedlimthe dncodiel \adieo mif-strénen fri the eame

coefficients is not _fjixed, a .separately transmtted constant _or constants
can be ad8BHT pbtheiseetgicatspepyrdR ﬂ%af_[ﬂ&sehtm%masprs elined rilespesiiyéRg put to
reduces t hehAFaldih Wi 18E aifftPerc@9hfubs hsiiehr fith 61 SRERS musFb O hed 2R €SENts a
term nal device conprising video encodi ng and decodi ng equi pnent that may
be adapt eént¢wn tpleethercoder aclodecddance with the present invention. Mire

precisely, Figure 7.illustrates mul 1 i ig term 60 inaple ted
accor di ng toﬂllﬁ'f’ﬁsf'lbb%%ﬁtr}h@ﬁa%ﬁﬁlgeﬁlﬁ—fc%ﬁ%sqgl'ﬁ@ r?%eﬂﬁﬁﬁlgferfaﬁ%%ngg)garded as a
mul ti medi gheZ@nlefARECRIMREMPRY ifaRe fitst traMehitidef1te REEidnt i RfgeE ARL WHe, encode
and nul ti BI ex multinedia data streams for transmission via a

comuni cabhssrittoneeeteirnt, the speand base Elterrponfliciqnt gan be decesaged. Thisigul ti pl ex,
decodg, an i £ I i i i TU- T recommendati on H. 324
defi nﬁos t%g%gi\%g&%la lfggg%%lﬁlggr@goﬁhﬁg%@é:?e%&ﬁg %%llcli refers to other

reconmendat i oMgpichidy, tipaar of thb @ltepesedfidiems Bffidet SInsach adssecthetdis huent parts.
This 25 kind of nultinmedia term nal can be used in real-tine applications

such as 66‘?51\/‘8@5? thehast ﬁv?‘i)‘f(%f@i@}ﬁh%% cagpe galsulated | byrsupEactingthe M ons  such
as the reqfhRvilt QEfcRhfsSRith ﬂgehtgfal Ve 9 tht SRR of {lﬁrﬁl@f%gﬁlﬁ@ieﬁgsqgh@t
t he t t he present

nmul ti medi a content server I n Internet. In e context o
i nvent i onfixed, aseparhidlyteanampttesdaioastent drivanstirtiecad 182xde@® the basenfdtershown i n

Fi 7 i J f t ti | tinedi i nal
ol ehnt SReBREN OF e ieg MBI Patos AR Ry AB PSR BA R e houl d
al so be not edF?%gé’ﬁ%@ér@é@%hﬁﬁédi@&{n%%ﬁﬂg vi&é@éncadﬁﬁgheﬁewdj@ ternatives

exi st relating ocation and i npl enentation of t t erm nal

equi pment equipment thaftmayt echdaptefiteyaperatg in a¢vordante with dhepressmirinvahtiotay be
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 vartous 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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| ocated i n conmuni cati ons equi pnent connected to a fixed |ine tel ephone
network such as an anal ogue PSTN (Public Swi tched Tel ephone Network). In
this casewnhs/os®4sul ti media termnal is equipped with a nedamBiztgooeionpl i ant
with ITUT recommendations V.8, V.34 and optionally V.8bis. Alternatively,
the nultinedia term nal may be connected to an external nodem The nodem
enabl es conversion of the nultiplexed digital data and control signals
produced by the nultinmedia termnal . into an anal ogue form suitable for

t r ansni ssHigha By@ber of @ltergmiives| exist flatingrto dhealoraion and 1mplemantatigaef et er mi nal

convert 1 REHRReARBmERTAS Busgh O Bl Fist R SR BrlbdBe O30 O
pr ocessedldcated in eppmapichtiadins eqaiphent donnedted toes fikethline tdlephbrzXvtwarkt | medi a

termnal may. al so be inplenented i.n such way that it can be connected
directly 8% éS&P@p%Iaguqf’%& (Pibie Seitched ﬁ?leg NMEWaHos @SNSGP?ﬁtEEJrat ed 15

Servi cgs Plullichéliy MR {9 equlphel With oGSkt M SRARENith Fro@pl aced wi th an
| SDN user netvvori interface. 'In Figure 7, this |SDN user-network interface
i s repr essnbmathengaticuistVe8,NAB# aed bptowially /. 8his. 32Uernativiel yy et raultieredianal s may

al so be adapted for use i bile c nication applications.. If .used with
2 W T el ea BRI P EHeTeCR 50 PR LB o b o4 PRI ASRATSANGE L - any
appropri agi ihltipleR8$ digithiRiatAGR coftfrol SRASHBHGRdY tAé iRltiAddiyRrilmark 73 in
Figure 7. For exanple, an H 324/ Mmultinedia termnal can include a radio

tr Fmscei vtto amandlogng feom seitableoter transnhssiempyes ihe PHEN glé Aierther Elaﬁbl@iﬂlw rrgb: l e
Tol eptoneruiirteli tering) RrefGOPARE in LR RERAL I Mardlls gl pBE; D00 ©

desi gned PSTNtand-tovaynveetahiet irto atdigitad dath ls@éarh shak 64n be demsutitplekeandnd

reception of video data, it is advantageous to provide both a video
encoder aPPCESSEH FeAPEUTIaiSHHRIFE RY Eh tedRiBRk di ng to the present invention.

such an encodgf, 185 fE#RAE] Rhal & hRARALA Sudty GapiraBh e conbi ned
e H. 324

¢ ag. is6e il.? . .
functional unit, referred to as a 'codec'. A typica mul ti medi a
term nal wvar be comnedied diesotlyitbedigital fined e natedwki, buchvastah ISBNeg(reegretetio Fi gur e

Lo e S OB I ke S R AN
term nal  gQaWoRIRIMrfdcBChUd8Te VI BRASDAHEIeP-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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and telematic devices, denoted generically by reference nunbers 61, 62 and
63, respectively. The video equi pnent 61 may include, for exanple, a video
canmera fowoocaptous i ng vi deo i mages, a nonitor for displayipag/iBex@osed vi deo
content and optional 5 video processing equi pnent. The audi o equi pment 62
typically includes a mcrophone, for exanple for capturing spoken
nmessages, and a | oudspeaker for reproducing received audio content. The
audi o equi pent nmay al so include additional audio processing units. The
tel emat i ARt tesminahaquipment | deugtegaing! equpmeniincludes yidsar #di¢| ect r oni ¢
whi t eboar i4ab: el Amth i 0 The video
equi pnent g%(ﬁ){ellégn%fgudglk]lg g]@g@%gﬁ%g@%})@gs&reﬁgﬁfhe V|ed526(;1 gg ec(i:6 5 conprises
a vi deo emspeivebnihavides eqapaadt Gignyy thetmddefoo dermptietawidegptaaneemn foed
according to the invention. Such an.eqcoder and . a. decoder wi |l be described

in the fEABHROYIcTHRASS deBORBGAR" B8P g BSHRA VISt CPFEAtd oBRR capt ur ed
vi deo glat §ided pAdtessHRPERRhH: eTHCTu J Qfuifridt B8 yJiE ARSALIa&ON over a

comuni cations |ink and decodi ng 15 conpressed vidéo content received from
t he comumicaphanesfonexawplk forl qaptunmgsprelrap eessages midradvedspeakeFfgure 7, it is

d that the vid is inpl ted. ha . to includ
The Use of PESAHMEIETS VP AN Tople s R e g o ieio€Rdiomly
assuned t hadio bR eSe6iffs. TREleicaihtiefeqhipthent X nAadeadé 8 dadagthfshll 0 encode

and transmt interpolation filter coefficient values to a corresponding
decoder akexhodrdsglegigorip whisckaprber #etil inpagettasqevesfurly as arfaximit, as

previ gusly de I ol 10 l. ec i ideo codec is
adapt % tor ezg‘? &@ggﬁ@a@?}gg@ 1¥F?‘Eﬁe§d %oaeﬁg ?‘%foed%? %é'a ue\gﬁe(}eﬁggégg accordi ng
to the saoempridesdividootenobder hrd & nveespbudingwideo decodeebdttrimipledientedaudi o

equi pnment is coupled . to an gudj o codec, denoted in Figure_ 7 by reference
nunber 663°PFKBS Fch_iw gBLOR ol an EROdst e &sate s rdessgibeg in s _

encoder / deaRAfihe Pife!viddolcoRBNWEHs!rispBlidbf HAlR o8RRI M BRIV fifall N3l " S
audio equipnent into a formsuitable for transm ssion over the

communi catppropridte fikmefod furthentraisonssoreocy dedmmidiicatidas bnk amkdecedingr om t he

netwoyk back intq a. form suitabl for reproduction, fo |e gn the
Cor m 1 - compisasaie FomeRtres iy e romihe FRBIRR g ioBgumi ko RS BATRIE. & del ay
bl ock 67. jiiRirste@ WPRAAAL, 8Sis hQumlel hA BheVided Eded shigRAerdhtd @ s36h ¥i deo codi ng
process and thus ensures synchronisation of audio and video content. 24 WO
03/ 058945 wREHs [BOSjude 0B use Thdynapycally asoptt yeointeppalationdiltass. It isdumthert i nedi a

termnal contrgls aRdtoalLNRLKr the video codec is adapted to encode and transmit

interpolation filter coefficient values to a corresponding decoder according to an

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

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

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

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

30 video coding process and thus ensures synchronisation of audio and video content.
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signalling using an appropriate control protocol (signalling block 68) to
establish a comon node of operation between a transmtting and a

recei vi ngwoasossyas . The signalling bl ock 68 exchanges i nframmsoi/@néiabout

t he encodi ng and decoding 5 capabilities of the transmtting and receiving
term nals and can be used to enable the various coding nodes of the video
encoder. The system control bl ock 64 also controls the use of data
encryption. gLornation regardlng t he type of encryption tq be used in

data transni sdPofysten peeal dlack dhod e wﬁwﬁ?‘a@;&a nfrBISteﬁ g-to-network
I tipl
From Che NaT Her AE P E R onh e i g S 8P e and

synchr oni serdrrwh desleaf dpa‘adombeitzvleetaarnammmmgeamd aj rnqmwlng teyminal.Highet el emati c

equi pnent 63 contr data form jt-stream

o or ot | SRR PRR R S engdhyatoraton doub e FatBAs R IGAdNE: o be-app i ed
to thesbitgp a%ilftl%@ﬂ”fth@&Méﬂﬁ@n@%&@@&%&%k&ﬂnﬁl@éﬂﬁ &8, ben@edlﬁ%ame el ect an
encryption node. 15 Correspondi ngly, en a nultipl exed and possibly

encr ypt ed vandusicagidi andsies o theevadaoi encodsei Thy systew G\@@thI NLM oo oeritrols70 i s

conot ¢ uele Usear SEE IR LSmmldsadbiRE Mk bt Bt BRrimion ™ Be bl i

appropri atiga Qﬁdﬁﬁl@ﬁbn A Hssud fi@h emgﬂm@ﬁblbmmto th@fnudqsl@;cbrﬂagman@exer
reproducti on ure 8a |s a schematic bl ock diagram of a video encoder 700
|nplenentQHLD§5h§€ % to a preferred enmbodi nent of the |nvent|on The
struciyre of ' ' ects
TS, A AR R, b TR B,

W th appr @p combmemxdjoﬂécbatd gymshrooisthoileo pad s1glioftrdanes wﬁndalai mput framn perform

operationsg associ.ated with su pi xel val interpol ati gn, and formation of
the encodBif GIFREHS BIYPRERRAD hPBé%‘bISIC%Wé‘ﬁtdé ta10 OB ANMRDPEALEARr 700 25

functi on gigrRRRhRbRcdHng (RBRYPEDT EtibARpticd (imamgwee%gﬁ@&tme glienent s of

previously described prror art video encoder Igure 1)
Descri pti otmeand, pseridieddhyeenemption dlockri% iseded t@rseteeaabmrmtlooomeseness I n

arti | ar, vi deo en oder 700 s a. Mtion, Eiel ti,mation .bl ock
L E ol R BB Een A T BRARA S he YRR Pt i Rl la st | o
bl ock 713peidg RiceRie8 MUX/BMUOK 1018 rddh&ssibl€ It dearyBrifg et diLgredfh, Er r or
Decodi ng bl ock 715, a Multiplexing block 716, a Franme Menory 717, and an

adder 719dividingHdnia itsisomstijuens n@dia qomponpits and paseing troseicamppesmtobdes 711

also 25 V\%prgpr%ﬁg 2 c?ecf) ?gx&/gp %n‘gglgfjé'qulpment for decoding and reproduction.

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

20  according to a preferred embodiment of the invention. The structure of the video
encoder shown in Figure 8a is in many respects similar to that of the prior art video
encoder illustrated in Figure 1, with appropriate modifications to those parts of the
encoder that perform operations associated 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  Error Decoding block 715, a Multiplexing block 716, a Frame Memory 717, and an
adder 719. As shown in Figure 8a, the Motion Field Estimation block 711 also

25



includes a Differential Coefficient Conputation block 710, which is used to
conpute the difference between a selected filter and a base filter 709.
Qper at i orwofo3nss94vi deo encoder 700 wi Il now be consi der ed PCa/IHE/@Dé1. | n
common with video encoders known fromprior art, the video encoder 700
according 5 to this enbodi nent of the present invention enploys notion
conpensated prediction with respect to a reference frame Rn (x, y) to
produce a bit-streamrepresentative of a eo frame bei n coded in | NTER

format. |inchEes 6%&%&141&96&%%@5?@&“%& 0o hich ispgsd K0 <AMPHEs Ol Ut i on
and furthgr £f0k r g dynamically variable
filter FI-)f'efl Cl elgct)ésova a%nggﬁ&ggrdﬁme%n& Ild%%f%lﬁz‘ﬁggb pi xel values 10 required
during the nDOpenatlen;bfmntvndm epcaize 360 will dew bercomidmec?ﬁﬂdqma} flarns notion

conpensat e red| n on 0 - bl oc aS| and ments notion
corrpensat? PB "Vs‘ﬁb“ FXElco g§kﬂ‘%‘l”i‘ e"é %4%@8@%“?05 Mgach

bl ock.5 I nid g éﬁdo%ﬁm&it%@%e prediht inQéhdé%‘éfnﬂﬂoﬁ%bM éd:'x'lﬂehﬁ)elt }%redﬂéﬁ@l@l ution is
determ ned by bl ock-matching, i.e., searchi'ng for a pi xel val ues

15 in t hewithfrespectae afreferanc®frafe, Y%, ) hapradmte hbi- stre&n represh:ntahee pfxel val ues
of the current image block to be coded. The bl ock nmatching operation is
per f or medVvigyo ﬁr@me&@u% eeded I@T%fqr@ﬁt b Reeforms matien cgmpprsatedi on with Frane

Store 717 yhi g0 y) are
retri evedpre {c‘ﬁ sec lR%iﬁ%%oe%@ 0 |e(§r?p‘fcbh§?§ensat g’?lgt{()ﬁ@ tth a‘(lﬁ(g t he notion
vect or detlﬁrramla:ﬂd/ vatiablefilfer bséfﬁmbatgxedues i efden tdfota the?ﬁlbtﬂsimldemes ed

sub- pi xel resol To do this, the Mdtion Field Estimtion block 711

ti on
f or ns’ %eW%HP%E“‘H}%@E@W&%eﬁ%m?&&? PXEP- resol ution by interpolating the

pi xel val ues vjeoldiBode? 766 g@ff srrﬁ’dfﬁ)n%n{ﬁénsa)féd predichén &?QBRJEHBS/EV' ously
identified as the best mat for the inage block currently being coded

(see Fi gubleckpasifandoianptlernénts otiopcaupensatiarhio sulvipixed resplugibnl ags twcprat i on bl ock

711 det t i nt filt ti f th
R A R T
i nt er pol atdsemtibh is @ferdiifedaslatlb8dmiafthFHRNE Cdeafihinid fohabhﬁk@ﬂﬁﬁk@l Wh&f each

i mage block. 1In alternative enbodi nents, the coefficients of the
i nt er po| aini tha réfetenes framy Kéx, afd@ptmdtchftseimst Wrtbdmxctlwalubeof tbrawpén once
every frame, qr at the beginning of a newvid sequence to be_coded. 30

Havi ng i niB3gsdilegkda b@h‘ed dds black matehing Stléqrat\‘f%i! 1§ esrfarpedity MetiomBiglsear ch
bl ocks, NE%%IHQH(EJ Bb&k B B dpbhtiBh With Frirhe RESHE 91 786 WHidH kel SRR 10

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

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

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



WO 03/ 058945 PCT/1B03/ 00061 determ ne whether any of the new search bl ocks
represents a better match to the current imge block than the best

mat chi ng wibasksss gi nal |y identified at full-pixel resol wCraBos/donet hi s way
Motion Field Estimation block 711 determ nes whether the notion vector
representative of the imge block currently being coded should point to 5
a full-pixel or sub-pixel location. The Mdtion Field Estimation block 711

outputs the identifjed notion vector, to . Mtion, Field Codi | ock 712,

o o Sop PEhAER bkl ariitr BRndE gt b8t Bhrehuts ot SRSHS e D08 T oanr
descri bedcurMit g BoREMaR IR bR Mstckihg 8bcRlofigkail} &entified af PIlFExa predi ction
for the current inage bl ock usi n]% t he approximated notion 10 vector and

pr edi ct i ofeselution. Inlis astMefien Fipld Estimatien blogk 741 defgrmsinss whetber thg coded in
Predictiop, Error i 4. :Cl ] i rmation
For the —BsEPBYpeth EbRdE R b BRI AN PREE [ Sb AL pb Bl BT o g
bl ock 514atfail-piMel b gubgiesl Iddadiedk 716. Ml tipl exer bl ock 716 al so receives

i nformation about the ap%r oxi mated nption vect qurgt{'egt he form of notion

coef fi ci ent s) In BiAtoBHLG EstimpiomBlogls 4l heptpyts e i¢ NQUIT VeFT fhf or mat i on
about t e ARk AT IR 190 which oo Bitles B hidinTRL LR sfipEPENSal o

predi ction of the curr I mage romMtion Fleld EstTmation Bl ock
711. Acconmitiog ncalet, las pregivislyidesmribedf Mbhen OompemshtedRredicti@nblockvitd on Fi el d

Esti ti Bl k 711,.. b d th i | | t. ted b th
Gt f orent e 0GR PEGR o5 (R FAT b e DS < A0 e the SEipterEgton,s

di f f efy@ncedtad #Rrefictieridndhfeahition. Phe pREicHLA IsemANuBsdatmBaDddEDm il ter
coefficients of the ijtl mm i ntergol ation filter for the current block and

t he coef f Prddaaitos Haror & ogingddecknHd. Bhe eoded|predictionggros infoadation fondeencoder
700. Mul tiplexer bl 716 S e | Vo forr bt zstream 703
ooy caent SRrgt ipdt RS i Mo R RANE Bhbrl AL MaFCSRAEBlock 11 B |

i nfor mat i aulfiplekdr®lockdd bf Maltiyk:c) blaek 916 alsb asveives Difohedtidn abbutithe
coefficient difference 25 val ues and possible control informtion. Each of

the dif f epRRTEXIMARELMeNon YRCHN (i the formhefymefionsosHiraentslifiam Metondiddy coder
priorq40 gaggfggh@é} 18, ds\GetPhd mRIARAG: Ak RUDSGANE e SAASITAS BBy L 0 2

correspondl ecoder. 1n an alternative Iment o e I nventi on, t he
Mot i on Fi duingsitiomtompensBEdpredittibn o tidscusrestimagé bloak fiem Ffion Fikldat i ve of

DI 1 or ent EAVMET BIOEK ht- SHBUERLT B BRBRIToR b MRS IMGRTR between t he
Motion Fi gidlichitidastianudl Bikk 711, 5aeh d'he Mihbliationd resltQethputed 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 of a predefined base filter
709 stored in the encoder 700. Multiplexer block 716 subsequently forms an encoded
bit-stream 703 representative of the image current block by combining the motion
information (motion coefficients), prediction error data, filter coefficient difference
25  values and possible control information. Each of the different types of information
may be encoded with an entropy coder prior to inclusion in the bit-stream and
subsequent transmission to a corresponding decoder.
In an alternative embodiment of the invention, the Motion Field Estimation
Block 711 sends a set of values 704 indicative of filter coefficients of the optimum
30 interpolation filter to the Differential Coefficient Computation block 710 which is
located between the Motion Field Estimation Block 711 and the Multiplexer block
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27 WD 03/058945 PCT/1B03/00061 716, as shown in Figure 8b. Based on the
base filter 709, the Differential Coefficient Conputation block 710

cal cul at ewotobessdus f er ence val ues 705 and transmts t hem t @crhsos/dvét i pl exer
bl ock 716. In another alternative enbodinent, the Differential Coefficient
Conputation 5 block 710 resides within the Miultiplexer block 716. In that
case, the filter coeffi cients 704 of the optinmuminterpolation filter can

VI 1 pi o e16-BF Bt g Sut Son el i e BRI 0% WEPETGE Y GBI ai agram

of a vi degofRuREEs bRLRR 7i 0BAIEHRRE @t Efe@hH VidudsT08 an@tahdhitLleanba@d ment of
the present invention and corresponding to the video 10 encoder 700

i1lustrat Millilpie?ﬁr@lﬂcégléa The decoder 800 conprises a Mdtion Conpensated

S e

Denul ti pl exi ng rarre in the

decodes  BI¥dk ﬁmlﬁasid@m@ﬂhm mBMﬂtlplexér baodkmrﬁerln shan"c:isar the cﬁlﬁeha)etf@cnéres pondi ng
elenents in the prior art 20 (see Figure t he decoder 800 of

the presen®4 phibe QYA intermolatiguiier c# b @Wéygsntmcthﬁ Yiagion Fisld ¢ o
Reconstr uggtk see&r—lﬁ&k P00 t“‘%*g@i"c}fl‘%%??ﬁ%f‘ ?sastsﬂgwn gﬁHJ@d nt er pol ati on

filter I gure 6a ference va ues 130 (Figures 6b
and 6¢) and tEgquadeblbﬂmﬂt d)@aquflatvdxteo%@odefﬂeo meldatnteddcdoadingfad t er 809
to base filter ur.es Qper ati on

bt hes i Rt SRR of i PR RO P PP RUGR LS Vi8S Denn { 1ol oxer

823 regei ¥RdeMuedatstRidd ntHi e #D3rhesdtbdet 800 @omblisaita Maidd Nto its
constituent parts (notion coefficients, prediction error data, filter

coef fi ci eRompgisatedrRredietionsbloek 72hd Ppﬁfb@iobﬂ @@d?ﬂmdlnglb}@ctkrmt #on) and

B::rLIO'[ imps)l @%ﬁ?ﬂﬁ%ﬁ%}&gﬁ Z? (f%lgﬁj ror i n?gér nﬁrﬁngsnmﬁlté ?Eicéved f-rr(r)ur? t he

recei ved 800 ﬁﬁlbﬁ@amﬁ&iﬁrdt@lﬂ ﬁﬂm@drlsﬁﬁhlﬁ% tHelcofre§ppmattignenidmacih tB22. 1t al so
forwards the received notion_information to Mtion Conpensated Prediction

bl ock 821priprart H) seekigyem e dlowtveriee drcadaR00 of thearresehinverionpasmul ti pl exer
023 15 s BRSNS Aol RiERE s akueR Y e
the Fil t ebpﬂﬁﬁﬁmnﬁﬁerpmd}itionrﬁltek 0Tl (s84 Biguee 64 basesltanuthe diff&emptvalmumam
1,2|t 5;20![ gt |1§gre£ I6‘t|) Ell’?({ 6c])]é91d l?eelgareclizelz nea %as%af)llte?%ﬁsd%hg gretdgte nerdebcagé ¥ Fer 8%9f Ference
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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coefficients of a predefined base filter 809 stored in the decoder. Mbdtion
28 WD 03/058945 PCT/ 1 B03/ 00061 Conpensated Prediction block 821
subsequenwioyw3mssegst he optimuminterpolation filter as defrcmadoixooéihe
reconstructed coefficient values to construct a prediction for the inage
bl ock currently being decoded. Mre specifically, Mtion Conpensated
Prediction block 821 forns a prediction for the current inmage bl ock by
retrievin

verory a2 R EBHETEek Fal FrEeRER e ulef I ol Sl blel e Ve

not i on i nhOddTiel OF theorebistucted ¥odfaieht RudsUS c@iskatt /prkdieton fdiehdr edi ction
for the current inage block is then conbined with the correspondi ng

predi ct i ofmagerdeckyarigntly being deepdedc Mese sresificeHy.d¥lotioneCompensated| ock in

out i do. of “riohSIAR A Tikes 4 A8 Bl JEARRR! [y ByOReRE LT gur e

9b. From pfiel dilhdssraneRrentat@e R0ALAEBAMA ih Fran@MRmoBP824 @eei ved from the
Denul ti pl exer 823, the Filter Reconstruction block 810 reconstructs the

opt i num i nttepplating them d4sidetessaryancbrdingds therreceivesootsdr infdrmiatibn tr form
coefficients 805 to,the Mdtion.,Co nsat ed ,Predi ct.i on ock 821. 15 In yet
e her o P s S TPHe: THeTTEGERq G thecanhes irade DItk st BER 810 1 os! dos
in the Dgsbinbd®Wethhe éﬂr%ﬁox’fﬁl%%pr@h‘i@ti&?@i%ﬁda@i R%Ffm Blr&kstBecdioh @F Rl ds t he

reconstructed coefficients of the optinmuminterpolation filter to Mtion
Conpensat guagerek iptquesiioBl ock 821. The encoder, according to the present

or eaetd ned backerrhrd: RERTer RELARistthiboe SN Bk ultodht ARG 1

r econst r uCbmnipegsatd Preditniérbleck82 13 tak slivwil intFigurb 96e Eram thiddiffdtchéer ence
values. The base filter coefficients should be known to both encoder and
decoder awdlughenptainedya signak §02 reecdyqd froms dacRemuliilgxgs®23, the illeract ual filters

used T ¢ RecHABOIBARMAND okl neith P o BES BRABAASscrkDuft e

words, according to t e present Invention, a base filter
havi ng a pmohstougt Alterset{feientsd®liSfto cheMictiva Coapenstaidiredietiorabldck 82h  t he
di fferences between the base filter coefficients and

pip fir Bl

i nt er I at ¥ appihpraliematvg smpodimeat; ¢ P PR A 0P dSRan ui deo
bi t - st r eafje hémb1fipRx¥lock §28. AMRUDEMuRipldxef BIERR2 PR MSRdEE t 0 represent the
adaptive interpolation filter coefficients in the encoded video bit-stream
i s reducetccnnstiuctedspefficients of theeoptonurm nntetpotition didter tof Mbtien 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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30 adaptive filter coefficients is coded separately. If the coefficients of
the base filter are sufficiently simlar to the coefficients of the

i nt er pol awoan/ofs9kt er actual |y used, the 29 WO 03/ 058945 PETIIBG200061
difference values to be coded are small. Thus, it is advantageous if the
predefined base filter is statistically simlar to the interpolation filter
actually used, as in this case the difference values are reduced and a
further i ovenent in.codi,ng efficiency.is .achieved. .5 Un]ike, the

di fferent H@fef%‘cﬁai"ﬁ ew@tq?océ?da‘garﬁrsgﬁgsi@“%f%l%caliaflggﬁoeusrlrgﬁhﬁgaedegg%dor ding to

t he pr eseBisel e i dtARtEREyAi M Hacto TReinddrpolfioh MleQdcRalPhsddead initBiRGase | N t he
event of an error occurring during transm ssion of the encoded video

bi t - st r eafhefdifferenearaditts are l@dﬂlﬁé‘é@@g @, fustherjimpgyementia cafmpefagiencypet ween t he
base filtg(g %;%ﬁ the interpolation filter actually used that is affected by
the error. h.lL t should be noted that the functional elenments of the

mul ti nkdi a t eUnlikéthe dviifetetial eadiag afethoder paaiosedith Wedigtheaodkal accordi ng to
the present invention can be .inplenmented as software or  dedicated

har dwar e, 3¢ROTdNg e REGSFH AN YSNLOR EStRiIRE Comprrati VA Y gRP deSTEd desikensrd @€ odi ng
metnods ageay B et dclitrind ViAhk RIndKiSSi AP0 thE Uhdel videhitliShehilfrom
i npl ementation 1n the tornTof a conputer program conprising nachine 15
readabl e ensidentotdecoder,fibrs opéyr the dififergndetvetvaen che basalfiltst apkthef t he i nventi on.

As such, .the encoder, decoder, and video,codec according to the invention
may be i nﬁ}tgﬁﬁml%gﬁ%fsacg{)a@éﬁf“f%&%“éS geted ﬁ?’gﬁe&‘?ra storage medi um and

execuigd i n ajGRFRAHLE hoted Y tRSTuctidiAl Slemdhts A8 BlelRMtARARUERRinall tides der to
provi de that conmputer with video encoding and/or decoding functionality.

20 Al t houghcodes de¢adedaridvidénecasign eecerding tpthe preseitanvaatippdambat s, it will
apparent to , those skidled in th rt .t hat . Of di fications and
vari ous cﬁgglﬁrélgnﬁega‘? %oef{svgaargf) %%%iﬁ?a‘rﬁ%@haﬁ%@arﬁéor}hg?@%ﬁ’g{d&% e the i nvention

has been pakbeatddiid andsiRovdingirthode acdording tarht inveatipeate pagticaiglyor nore
preferred enbodi nents thereof, it will be understood hy those skilled in

the art tmutedder mplemensetian inghe fsm of 2 coRMs BragEM SEMPYSipg dachingr ei n

W MoK deRARHL AL LA KRR E0RMARE aRlibhd s@bs b e ifVERRbA.ORs BRmSet Torth

the encoder, decoder and video codec according to the invention may be implemented

as a software code stored on a storage medium and executed in a computer, such as a
personal desktop computer, in order to provide that computer with video encoding
and/or decoding functionality.

20 Although described in the context of particular 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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VWhat is claimed is: 1. A nmethod of encoding images in a digital video
sequence for providing encoded video data, wherein the digital video
sequence wompns®es a sequence of video frames, 5 each fr aca/Bas/ioneg a
plurality of pixel values, and wherein an interpolation filter having a
plurality of coefficients represented by a plurality of coefficient val ues
is used for reconstructing the pixel values in a frame of said digital

vi deo seqwceofﬂrom t he encoded video data, said nethod characterized by
codi ng t h&ebEF4BedAY val ues of the interpolation filter differentially
with 10 respect to a predefined base filter to forma set of difference
val ues, and adapting said set of difference values in the encoded video
data so that Ah‘eetho@obq:m:bdimgtimegmdlﬁ adigitapivided seqpieneesfor provakegierondehi d set
of differe accordin ein the

O ncoded. v THES A whceinthe A e o B R LR R ot b nth ALy BS Fnlls o
decodes, sahdram! RRGhELNpRASHkLof FiRé valueh %H wWHReift A6 dlepoltige@lteat a i ncl udes

encoded val ues indicative of said set of difference val ues, and said set
of di ff er bawirg ¥ luwRlEY o cesfficionty repsesented by armburgkityref coeffigipahyaluesdsf r om t he

char act or FE8do) etip g s PERFhes 8 Mhonq WP A BR8 ISR AP i = ™

further corfehtededMideohdvd, sgd viedthirischatagtaristd Bgal ly si m I ar to the
coefficient values of the inter polation filte 4. met hod, according to
claim 1, charat9dng Q@d’oFfﬁctqliét’alt‘??é)fé’é"emﬁr&‘?létr‘l‘t"bﬁlé?r ‘?ﬁ%‘en@% Yivitler pol at i on

fil teﬁoargesﬁ%g&%g&dé od ALE TR Tkl O P itRled@IIRSS lga. Sel ected | mage

segnent . accor |ng to claim1 aracteri’zed in that the
pr edef i ned baseaddptihg eaid sktad difforentecmbles nmtherwncoxhaﬂwabo 3t ®thagh®3/ 058945

PCT/ 1 BO3/ 00061 . accp rdi,n a characterized in that
t he predechﬂ‘és&mﬁ%\%’éogﬁ?‘fs el %H%s 3 Eﬁeﬂ gﬁﬂ%f ‘P%‘g}-)%‘f‘efl?%wéﬁetss adapted to the
statistics of the video sequence. 7. The nethod according to claiml,
characterized in that the interpolation filter is 5 symetrical such that
only hal f 2t heTh¢ method@eedrflingite alaim dr whereiethie egcodvihzidgedatads tiosoridechg to
clal ml& ' Igrgr%raa \%Eieecg Er%ceo erI 3 atvqgeo c}erc]gde(%os%m méthd che\llr%clztlérelisedc& that
the encoded video data includes 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.

20 3. The method according to claim 1, characterized in that the predefined base filter
has a plurality of further coefficients having values statistically similar to the

coefficient values of the interpolation filter.

4.  The method according to claim 1, characterized in that the coefficients of the
25  interpolation filter are selected for interpolation of pixel values in a selected image

segment.
5.  The method according to claim 1 characterized in that the predefined base filter

has fixed coefficient values.

30
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the interpolation filter are coded in a certain order, froma first
coefficient value to a last coefficient value. 10 9. The method accordi ng
to clai mBposhssvatterized in that the certain order in werCThBO®O61
coefficient values are coded is different froma spatial order of said
coefficients. 15 10. The nethod according to claim@8, characterized in that
a sumof the coefficient values of the interpolation filter is fixed. 11.
The met hod acgpr di to claim1, .wherein the predefined base filter has a
ol e a1ty Sor 0 PP egesieite i) 4y etk B B BesaP g e SUEF 1 17T ha
a const anhas ZPluidt 6l doeffRieiRdadaptedne thaktithaes 6008é Fideb e8fueded. ues of the
predefined base filter so as to reduce an anplitude of differences between
the coefficient values of the interpolation filter and the further

coef f I Cl e’?f V?hé’ﬁl%th%fd atcpoefdi%r %j glfa nr‘;'ﬁdclpa%?c?erUeh §Ethat @’1@ 'int'glpviagigg fHar l%der .
conprising: 25 neans for engodlng irages in a digital VL0 sequence havi ng
a sequenceymimetrichdaoh thadoBly Hathth@fihst deffi@ncadedded. deo data indi cative of
t he video sequence, each frame of the video sequence conprising a
plurality of pixel values, and nmeans for defining an interpolation filter

for [eCOnSt rUghi RuioRScAINk Y Balf, Utriorl o TPual B et fahestirdeo

sequence In a deco pr oc efein the interpolation ilter has a
nunber of thedefefpotatintfdter eyeroed edinedcdtpireorden fral 4 firsofoafbeibht vahertb aval ues,
said video encoder characterized by 32 WD 03/058945 PCT/1B03/ 00061 neans,
responsi v Sf%“%ﬁﬂaﬁﬁ? polation filter, for computing a difference between
the cogfficient values of said interpolation filter and a predefined base
filter for providing a set of difference values, and neans for adapting
sai d set 8f dilh¢methodaceaiingdo claim Bechanasterzad in thebthdgedaisordesin hat t he

[ f ixel I kN, di ng,. I.3 based on said
ot of " ar i afkeeGeobRles ¥ iR LUt ol ARG PRSI 8 Claim 12,

further cbh@sfaeiess] zed by nmeans for entropy coding said set of difference
val ues before adapting said set of 10 difference values in the encoded
vi deo dat a.

15 10. The method according to claim 8, characterized in that a sum of the coefficient

values of the interpolation filter is fixed.

11. The method according to claim 1, wherein the predefined base filter has a
plurality of further coefficient values, said method characterized in that a constant

20  value is added to the further coefficient values of the predefined base filter so as to
reduce an amplitude of differences between the coefficient values of the interpolation

filter and the further coefficient values of the predefined base filter.

12. A video encoder comprising:

25 means for encoding images in a digital video sequence having a sequence of
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

30 filter has a number of coefficients represented by a plurality of coefficient values, said

video encoder characterized by

32



14. The vi deo encoder according to claim 13, characterized in that the
interpolation filter is symmetrical and the entropy coding neans is
arranged wo osnssyd® only half the set of difference val ueeCTiiBod@oc1IA net hod
of decoding video data indicative of a digital video sequence conprising a
sequence of video frames, each frane of the video sequence conprising a
plurality of pixel values, wherein an interpolation filter having a

plurality of coefficients represented by a plurality of..coefficient val ues
is used for relGAEY FEROTHE tﬁg‘?“i‘ﬁiﬂ%‘?l%@ Bugt B C?‘HP‘é“’?Igraa{‘r‘éé‘bef‘c%ai d digital
vi deo seqp&@ieén theRoeffieRinh oslussiTsa@tifichyodionDiter ahd h prdeinddiage filter vi deo.
data a set of difference values, said set of difference values indicative
of a difffrenvadipgavelesf differcaesetafyesiandt val ues of the interpolation filter
and a predefined b ilter;. tructj rther .filter. based on
said set of di %’re%r?s‘g%g%éa in éasldégtd)cf;a ﬁgere%cr%éjégg ¥ gnegl%begg%({efi ivf4eérd?ataa5%d

reconss r ughat the rédonbidgtidh o€ kheikél @alubaittle decddingy procdsh@rbaked dresaid 4. The

met hod according to claim15, wherein the predefined base filter has a 30
pl ur al i t yobdiffergneg¥aluesoef fi ci ents represented by a plurality of further
coefficient values, said nethod further characterized by 33 WO 03/ 058945
PCT/ 1 B0O3/ 00061 sunm ng said set of difference values with the further
coefficieh} vahereideotndoder agoorliieSf toreéadimbls nrfliet tlearadtenizeddigst r ucti ng t he

further filter, 17. The nethod accarding to cl ai 6, characterized in that
ai d et DU RFGIEAEE CoBng AL 8 G IR, SRy BHPRHefAPhoeatateh oby
entropy dggReined vailids itAhY Lil@aed¢aesiastaconpri sing neans for receiving video

data in a bit-stream the received video data indicative of a digital
vi deo sequence conprising a sequence of video frames, each 10 frane of the

thar act or Fred B, Bk kaongh feBidHepiclamora, B ey e Biat 3R CtatelBpy om t e
bi t - st r eafflted e simictHcal AMiiSthe BBtkdpyLoding MéHE Roredniged td dcbéd oklahel e a

predefi ned base filter
set of difference values.

15
15. A method of decoding 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, wherein an interpolation filter having a plurality of
coefficients represented by a plurality of coefficient values is used for reconstructing

20 the pixel values in a frame of said digital video sequence, said method characterized
by

retrieving from the video data a set of difference values, said set of difference

values indicative of a difference between the coefficient values of the interpolation
filter and a predefined base filter;

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

reconstructing of the pixel values based on the further filter.

16. The method according to claim 15, wherein the predefined base filter has a
30  plurality of further coefficients represented by a plurality of further coefficient values,
said method further characterized by
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and said set of difference values; and 15 nmeans for reconstructing the

pi xel values in a frame of the video sequence based on the interpolation
filter amdotidmsssetei ved vi deo data. 19. The vi deo decoder paxaBoziong t o
claim 18, wherein the predefined base filter has a plurality of further
coefficients represented by further coefficient values, said video 20
decoder further characterized by neans for summ ng said set of difference
values with the further coefficient values of the predefined base filter
for constructi synmirg saitt set pbdisferenae valhesewith thg. further copdisendwaloereef the cor di ng

to claim18, further .characterized 2 ns for entropy decoding said
set of di PFHP W&bgﬁﬁﬁg@[ﬁﬁgﬂ#@ﬁ@%ﬁ%f@;@ﬂ?n 21. A video coding system
conprising: an encoder for encoding imges in a digital video seguence

havi ng a sequence of video frames for providing encoded video data in a

bi t - st r eah?i ndhemethed agfording taolaim d 6 chaeastrsvred in halcyid seapbdidferanse vi deo
sequence ¢ 1 S] | . j val t he encoder havi ng neans
for de inyﬁgggﬁ§?ﬁ é%ﬁ%%gﬁgﬁﬁa%1¥%%?§?§%n)é%gﬁgﬁgucting 34 SUBSTI TUTE
SHEET (RULE 26) WO 03/058945 PCT/1B03/00061 the pixel values in a franme of
said digital video sequence in a decoding process, wherein the

i nt er pol atP-onAfyifigadecpdes campriging| ity of filter coefficients represented by

a plurality Ohne efof k&h@%ﬂ@d $RSin %a&@seeae&%@ﬁeeeifvea vide6§ Qi Ng the

encoded video data int -streamtor 5 reconstructing the pixel val ues
in a framndidativhef ¥ lig#el Wdepuequence wotipeside asdquegce pf udesBamssicachvi deo

codi ng,. system characterized in that the encoder further .conprises: neans
For cBhmo BFTS oh 0o Ve SHASCH EORBBRTE § HHEL Al BPi5oY HiFRo i IGER,SSST o

predefi neghpass&ideultiyer for providing a set of difference values, and 10
means for adapting Said set of difference values in the bit-stream and
that the decowkrgfocmimeviags setin differénve vebies frem thg bitsggamhe bit-stream said

set of difference val ues: and ans.faor n cti jlter
based on the BF%%% fﬁ@%ﬁ%ggggP?F?gg%gﬁﬁnfﬁﬁﬁ%%%Hfﬁéggggggg&%pgﬁﬂikgrence
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15 means for reconstructing the pixel values in a frame of the video sequence based

on the interpolation filter and the received video data.

19. The video decoder according to claim 18, wherein the predefined base filter has
a plurality of further coefficients represented by further coefficient values, said video
20  decoder further characterized by
means for summing said set of difference values with the further coefficient

values of the predefined base filter for constructing the interpolation filter.

20. The video decoder according to claim 18, further characterized by

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

21. A video coding system comprising:
an encoder for encoding images in a digital video sequence having a sequence
of video frames for providing encoded video data in a bit-stream indicative of the
30 video sequence, each frame of the video sequence comprising a plurality of pixel

values, the encoder having means for defining an interpolation filter for reconstructing
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the pixel values in a frame of said digital video sequence in a decoding process,
wherein the interpolation filter has a plurality of filter coefficients represented by a
plurality of coefficients values, and
a decoder for receiving the encoded video data in the bit-stream for
5 reconstructing the pixel values in a frame of the video sequence in the decoding
process, said video coding system 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
10 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 values so that the reconstruction of the pixel values in

15  the decoding process is based on the further filter.
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