1 0 MAY 2006 METHOD FOR SUB- PI XEL VALUE | NTERPOLATI ON The pres G f@g\yemgon
relates to a nethod for sub-pixel value interpolation in the encodi ng and
decoding of data. It relates particularly, but not 5 exclusively, to
encodi ng and decoding of digital video. Background of the invention Digital
vi deo sequences, |ike ordinary notion pictures recorded on film 10

conpri se a FETHODFOR %BW’I)@EWQEU%@@E%M; g{'qﬁbqu notion being created

by displaying the i mages one after t er arelatively fast frane
rate, typically 15 to 30 franes per second. Because of the relatively fast
Ive franes tend to be quite simlar and thus

frame rat ' es,tn cansecu
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exanpl et heexclusively, ta emendingeatet decodihg of tigahf Jige@nd so on. Alternatively,

the canera recording the scene may itself be noving, in which case all
el enents of the imge have the same kind of notion. In many cases, this 20

means t hat Bé&&%ﬁfﬁﬂméhﬁ%@ﬁioﬁet ween one video frame and the next is
this

rat her small. cour se, epends on the nature of the novenent. For
exanpl e, the faster the novenent, the greater the change fromone franme to

the next. ﬁ 1 | ar.Ié if a scenﬁké:ont ains a nunber of noving elenents, the
change frof'dill YilghSequencesnlike grdinark angtian pigiurpsetaaardedam ffifma scene

Frame o acoRmeR Epofietics & smires, ol o @B Bonaentedty oo o
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repr esent ed Qgﬂﬂiﬁ%’@bl%amamtrbﬁrredhr}bhhﬁ inform&tid\Fat0BRarple, a typical
15. scene may comprise some stationary elements, such as background
scenety, and some moving areas, which may take many different forms, for
example the face of a newsreader, moving traffic and so on. Alternatively,
the camera recording the scene may itself be moving, in which case all
elements of the image have the same kind of motion. in many cases, this
- 20 means that the overall change between one video frame and the next is
rather small. Of course, this depends on the nature of the movement. For
example, the faste:r t_h_q movement, the greater the change from one frame
to the next. Similarly, if a scene contains a number of moving elements, the
change from one frame to the next is likely to be greater than in a scene
25  where only one element is moving.

it should be appreciated that each frame of a raw, that is uncompressed,
digital video sequence comprises a very farge amount of image information.
Each frame of an uncompressed digital video sequence is formed from an

30  array of image pixels. For example, in a commonly used digital video format,
known as the Quarter Common Interchange Format {QCIF), a frame
comprises an array of 176 x 144 pixels, in which case each frame has

25,344 pixels. in turn, each pixel is represented by a certain number of bits,




which carry information about the | um nance and/or col our content W@@ﬁﬁ
regi on of the inmage corresponding to the pixel. Commonly, a so- aﬁ§|
col our nodel is used to represent the |um nance and chrom nance content of

the image. The | um nance, or Y, conponepnt represents the intensity 5
(brightness) of the image, while the cof our content of the inmage is
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resol ution of the chrom nance conponents is usually attained by
sub-sanpling. Typically, a block of 16x16 imge pixels is 20 represented by
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nunber, of bits ne?ded to represent a video
99x3072 = &PuAbet ifpanatian peasled 2006ds the colour information in an image

can be reduced with an acceptable reduction in image quality.

The lower spatial resolution of the chrominance ‘components is usually

attained by sub-sampling. Typically, a block of 16x16 image pixels is

- 20 represented by one block of 16x16 pixels comprising luminance information

and the corresponding chrominance components are each represented by

one block of 8x8 pixels representing an area of the image equivalent to that

of the 16x16 pixels of the luminance component. The chrominance

components are thus spatially sub-sampled by a factor of 2 in the x and y

25 directions. The resulting assembly of one 16x16 pixel luminance block and

twp 8x8 pixel chrominance blocks is commonly referred to as a YUV
macroblock, or macroblock, for short.

A QCIF image comprises 11x9 macroblocks. If the luminance blocks and
30 chrominance blocks are represented with 8 bit reso!uﬁén (that is by
numbers in the range 0 to 255), the total number of bits required per
macroblock is (16x16x8)+2x(8x8x8) = 3072 bits. The number of bits needed
to represent a video frame in QCIF format is thus 99x3072 = 304,128 bits.




This neans that the anpunt of data required to transmit/record/ di gphay 206
vi deo sequence in QCIF format, represented using a YUV colour nbdel, at a

rate of 30 frames per second, is nore than 9 Mops (mllion bits per
second). This is an extrenely high datg rate and is inpractical for use in
5 video recording, transm ssion and di splay applications because of the

very |arge 0 | t transnj ssi on channel capacity and hardware
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conmuni cat i gfp@%v\or ks. .For this reason video conpression techniques have
been devel é% FTRRNER TPy the amount of information transmtted while

retaining an acceptable imge 20 quality. Video conpression nethods are
based on reducing the redundant and perceptually irrelevant parts of video

sequences. Ifvidee glatm isalocke iransinittsal insrealtmeasvera filked ‘fiﬁé‘?’?fvgﬁ@&dhm 0
spatialg t ng_.spectr. 25 redundancy. ' Spatial redundancy is the
term ui%d ?gp aﬁfe&?ﬁb@mpﬁ@%@%pﬁ ﬁ?iaﬂaié‘dmﬁk)net ghtonventigngl RSTN wi thin a
frame. The(pghlie ' r NQHEBric € e t.he fact that the objects
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frames, whbaadwisgads typicallyeoltidaonder ofef4ubitsiso 1hNRoBRE r\ﬁ‘dlé’dtél%PhB ween
di fferent ﬁ’%ﬁ%f{ ﬁgﬁt@s%ne t?( 3%€%f he sarfe image. Sufficlently efficient
oy oot o BISIESI tkes Plac ateastiy partigyey o reein.compurieationsi ous
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15  significant reduction in the amount of information used to represent video
data must be achieved in order to enable transmission of digital video
sequences over low bandwidth communication networks. For this reason
video compression techniques have been developed which reduce the
amount of information transmitted while retaining an acceptable image
20 quality.

Video compression methods are based on reducing the redundant and
perceptually irrelevant parts of video sequences. The redundancy in video
sequences can be categorised into spatial, temporal and spectral
25 redundancy. 'Spatial redundancy’ is the term used to describe the
correlatipn between neighbouring pixels within a frame. The term temporal
redundancy’ expresses the fact that the objects appearing in one frame of a
sequence are likely to appear in subsequent frames, while 'spectral

redundancy’ refers to the correlation between different colour components
30  of the same image.

Sufficiently efficient compression cannot usually be achieved by simply

reducing the various forms of redundancy in a given sequence of images.




Thus, nost current video encoders also reduce the quality of th%sgmt@%)f
the video sequence which are subjectively the least inportant. In tion,
t he redundancy of the conpressed video bit-streamis itself reduced by
nmeans of efficient |oss-less encoding. Typically, this is achieved using a
techni que known as 'variable |l ength coding' (VLC). Mddem video conpression
standards, such as ITU- T recommendati ons H. 261, H 263(+)(++), H 26L and
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that is no anes_are predicted fromthem” and therefore, they can
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qual i ty of othet fatndd i theSse | £: es gf. frane that qccur in a
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acconpanyi #yirgagebatyeendsames. be seen fromthe figure, the sequence starts
with an INTRA or | franme 30. In Figure 3, arrows 33 denote the 'forward

predi ction process by which P ,1 0 MAY 2006 5
15 Compressed images which do not make use of temporal redundancy

reduction are usually called INTRA-coded or I-frames, whereas temporally

predicted images are called INTER-coded or P-frames. In the case of

INTER frames, the predicted (motion-compensated) image is rarely precise

enough to represent the image content with sufficient quality, and therefore

20 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 frames) and are predicted from either one or

25 both of the anchor pictures. B-pictures are not themselves used as anchor

pictures, _th_at is no other frames are predicted from them, and therefore,

they can be discarded from the video sequence without causing
deterioration in the quality of future pictures.

30 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 | frame 30. In
Figure 3, arrows 33 denote the ‘forward’ prediction process by which P-




frames (labelled 34) are formed. The bi-directional prediction grip¢Hes 2086
whi ch B-frames (36) are formed is denoted by arrows 3la and 31b;
respectively. 5 A schematic di agram of an exanpl e video codi ng system using
noti on conpensated prediction is shown_in Figures 1 and 2. Figure 1

Il lustrates an encoder 10 enpl oyi ng nmoti on conpensati on and Figure 2

Il lustrates oh L€ nding decoder 20. The encoder 10 shown in Figure 1
conpri ses Trmes: (abeifeg) g‘“eg{‘? faenes, %h%énﬂlffpti@na&bmedwttpnep@cmihyg bl ock
12, a Mdtioghith Eonrpmasa bihhgNibl a I gtion Errar Coding
bl ock 14, a Prediction E&Jofgf%g?o Pﬁg'sgpgﬁéteﬁ,byaa%ﬁgi élt'éx?ﬂg %ﬂ%ck 16, a
Frame Menoiegpedlivelhd an adder 19. The decoder 20 conprises a Mtion

Conmpensated Prediction block 21, a Prediction Error Decoding block 22, a
Denul ti pl exi ng block 23 and a Frane Menory 24. 15 The operating principle

of videg c ' Walpl lon. | .mnimse the ampunt of
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between a compensatedpeediction isyshdvn hoFigRese1 ad 2 FighRdl GAdstatdd afe Pn(x,
y). The prediction error frame is thus: 20 En (x,Y) = 1In(x, y) - Pn (x,Y) .
(1) The pr &HICOHPENG employing motipn  cempensationsiang Figuse Ralllusteates a

reference f e ingh-ri rall.y,one of _t he previously coded
and transm ttegp%@¢‘9adr§ecg, (I:)gr6 anegﬁee’%ﬁﬁébﬁhé’w 'inn'ﬁ’gﬂfeaﬁeq%m‘ﬂf%e%li ng the
current fraetiomBield Estimatibalifieck 1b/a Mstidr Feki YBaMYbIdZk Ak &Y E@WOC’EV 10.
Mor e smcif'cal I%é qtﬂ; Bre_di ction frame P" (x,;g 'S constructeq y finding
so- cal F8d Ctﬂ’@ia‘? ated Prepicio: blogk (13e a Eredistion BrrarnGodingxbippk v, ch
correspond Gt A ' i n,t rrent fra i on
i or mht 1 o Cqehat; FR0! Ootioding Hiadk 35 e MBRBGHT ool B ackrati,
rotation, $éemeryetld,)anktarkeadderkdds The tdeodlsr IEN tcorhprises %"Méﬁ‘tﬁi r
corr espondj redi c(i'g,on E@'{'&b I n {r?ﬁ? reference frame is derived and the
predi ct i on%ﬁ%e Fedirt W Prediction FrieaiRacoging blook 182y 22006
Demultiplexing block 23 and a Frame Memory 24.

15

' The operating principle of video coders using motion compensation is to
minimise the amount of information in a prediction error frame E,(x,y),
which is the difference between a current frame 1,(x,y) being coded and a
prediction frame F,(x,y). The prediction error frame is thus:

20

Ep(x,y) = I,(x, y} - F,(x,¥). : (1)

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
25  frames, for example the frame immediately preceding the current frame and
is available from the Frame Memory 17 of the encoder 10. More specifically,
the prediction frame P, (x,y) is constructed by finding so-cailed 'prediction
pixels’ in the reference frame R (x,y) which correspond substantially with
pixels in the current frame. Motion information, describing the relationship
30 (e.g. relative location, rotation, scale etc.) between pixels in the current

frame and their corresponding prediction pixels in the reference frame is

derived and the prediction frame is constructed by moving the prediction




6 pixels according to the notion information. In this way, the b{edp¢t2(88
frame s constructed as an approxinate 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
approxi mate 5 representation of the cur@ent frame provided by the '
prediction fra and the current frame itself. The basic advantage
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prediction erroretihnf rmation in the prediction error frane. wever, due
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fficiemt t ' i on_int tion f h pixel to the 15
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the segments is transmitted to the deco e not I on
i nf or mat i orkS8s MOYiEN c Hompanseladi e prédictiarac hrises r flohoc theof factf tisare and t he

sane notio | : i | - ysed r all pixels within the nmacrobl ock.
In some vi eogl‘ %Qé‘g%t' ﬁén‘&agmgw*o&ﬁf{#%&sc%f frame ¢ae sy pblaineshy be

di vi ded i ntrepsasehting it h oekds 6R%he SEBLbA' | ioR€ k&KL | ki its
own notjon i’rjlf,or.rratﬁ?on. The rsmtion iﬁ?g?ﬁalpﬁrﬂ%ulgﬂaﬁ}gﬂﬁaﬁ\&qﬁﬂg%%rm of
mot i onlWectbpdictioniegether withyihg) assatiatedapredidtionueer infétation iratee Ay (X, )
representsfyg@(z%?ﬂa}ﬁgﬁl&al and vertical displacenents of a pixel at

| ocation (X,y) In e curient frame 1" (x,y) with respect to a pixel in

the reference frame R'(x,y). The notion vectors [AX(X,Yy),Ay(x,y)] are
calculated.ijn the Motion Field Estimatiorblock 11 and the set of notion

vectors of VeHr dignio theanery largg npmbey (of)ixels in ef frameq it is generAify mot i on
frams i s ohosPfidtp s Sdfak g oln JoicPRin dotsa6h Ptk Cried cor ner -
Thus, 15 adecomdar. InstebYir2Gfibst video coding schemes, the current frame is
divided into larger image segments S, and motion information relating to the
segments is transmitted to the decoder. For example, motion information is
typically provided for each macroblock of a frame and the same motion
information is then used for all pixels within the macroblock. In some video
- 20 coding standards, such as H.26L, a macroblock can be divided into smalier
blocks, each smaller block being provided with its own motion information.

The motion information usually takes the form of motion vectors
[Ax(x,y), Ay(x,)]. The pair of numbers Ax(x,y) and Ay(x,y) represents the
| 25 horizontal and vertical displacements of a pixel at location (x,y) in the

current frame 1,(x,y) with respect o a pixel in the reference frame R (x,y).

The motion vectors [Ax(x,y),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 field.

30

Typically, the location of a macroblock in a current video frame is specified

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




7 coding scheme in which notion information is associated w th}éatiy 2006
macr obl ock of a frame, each notion vector describes the horizontal and
vertical displacenent Ay(x,y) and Ay(x,y) of a pixel representing the upper
| eft-hand coner of a macroblock in the current frame 1"(x, y) with respect
to 5 a pixel in the upper |eft-hand corher of a substantiall y correspondi ng
bl ock of predict] Lxels in the reference frame R'(x,y) (as shown in

Fi gure 4b). E‘%@bgo%g@%ﬁﬁnﬁl i Which s motieh ipfoapatinm isy apseaiaiedy ithasiachG ven a
reference fnaarbidtk of.a ¥ : e r cqQnpri si ng
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of motion ‘eylicakdisplacement Ax(ng) andNy(x)pofepirel Rpresentifipthealppepnce
frame that matches the characteristics of the macroblock in the current
picture aceBiandcarpeseha naacroblockin thentwrrenti frame dp(xc anwith refmsct exanpl e, a

sum of _absol uteﬁ:.d'fferenc'eﬁezt I%QSAD) bet ween t he pi xel s of the nacrobl ock in
the 15 Qur raRPef inthe Jnget [g-hangkkorser oif aesubstantially castaspendingfblacie wi t h

which it i sffeseabsd; ' f | oyn. generally as _bl ock nmatching' .
It should be I:ﬁnot ed ?ﬁaepinlstneég%g%é ﬁ?’ﬁ@ }33&92& &Ef hid GoyEdR)e be
mat ched and that in the reference frame do not have to be the sane, as

real -worl d ob'! ects can undergo scal e changes, as well as rotation and
war pi ng. estimagioncigra eompuiationadlyi inteaisive tesk. Gidenga seRpstasgs, only

a transl ati%@ng&tic}n ngofel i s Lised see below) and thus fixed
rect angul af 1% Fy)i 804y 19N raimpe. pgrquare magrablenk: ceppasRgdV e the best
chanceiaf il of he reference frame shoul d be
sear chég. Hé%/qe}? a a‘t"m’?‘&a’?‘ﬁg‘ra%° 1 "hﬁqufe é)i {ﬁ?ogéﬁc{'\% O, mion
conput at i oeatimatiodeis tn finkeani Mep M nsigéleblock Nt ﬁfgjfefe}é}%é%%}#’é‘l hgg0i on s
restricted t«‘:ﬁ l{]?eéi@‘g &F (g around the original location of the .
macr obl ock HC r CBatact s gk thpowacreblptlyuine the . cumentr giztureo 1 educe
the amount gpdordliid & sb bAN : itted from 30 the encoder 10
to the decoder 2& tﬁemn%w%hb@'eg %rplﬁﬁté'{)ﬁqﬁ%@n @%’dgocf SRS, I@b?lfrBrPr}Fi el d
Codi ng bl oeksdlateodifféreness: ¢8AD) tibtwbgn riger siveRt bNthd mavrbbloek ifheon nodel .
I n thilssprocess t he m)cHon vectors of imge segnents are re 1 0 Y 2006 5

current frame and the block of pixels in the reference frame with which it is

compared. This process is known generally as "block matching’. it should be

noted that, in general, the geometry of the block to be matched and that in

the reference frame do not have to be the same, as real-world objects can

qndergo scale changes, as well as rotation and warping. However, in

20 current international video coding standards, only a translational motion

model is used (see below) and thus fixed rectangular geometry is sufficient.

Ideally, in order to achieve the best chance of finding a match, the whole of
the reference frame should be searched. However, this is impractical as it
25 imposes too high a computational burden on the video encoder. Instead,
the search region is restricted to region [- p, p] around the original location

of the macroblock in the current frame, as shown in Figure 4c.

In order to reduce the amount of motion information to be transmitted from
30 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 this process, the motion vectors of image segments are re-




s expressed using certain predetermined functions or, in other Worida)y 2068
notion vector field is represented with a nodel. Alnost all currently used
notion vector field nodels are additive notion nodels, conplying with the
followi ng general forrmula: N1 { Ax(x,y) =] ai.f (x, y) i=OM1 Ay(x,y) =
Ibigi(x,y) 1=0 (2) (3) 10 where coeffi®ients a; and bi are called notion
coefficients. The notion coefficients are transmtted to the decoder 20

(i nf or mat i FRIEFERINUSING, cefpip, peadelermined) funtiigns ioanin bthemdogis, ahe cal | ed
ti fiel [ G : tR,to t d
Gocoder  aRaR ector ik 18 tepraRefuct il Moel, fimGst A cneniy wsidbe

const r uct ednotiomyector fidkd eneddts aire rdslitvadmblien Pasdes.| sB1ap AP withSh he basis
functions afrWnovm to (that is stored in) both the encoder” 10 and the
decoder 20, lolpWinG: genegakfosAuIaE oef f i cients need to be transnitted to the
encoder ¢ thus reducing the amount of information required to represent the
notion information of the franme. 20 25 The sinplest notion nodel is the
transl ati onal noti nodel which requires only two coefficients to

descri be t hex(wotliop, «&€t.00s of each segment. The val ues of m)tq n vectors
are given by. Ax(x#y) = ao (4) Ay(x,y) = bo This nodel is widezg used in
various international standards (I SO MPEG 1,

M-l

Ay(x,y) = ¥ big,(x.y) 3)

10 where coefficients a, and b, are cailled motion coefficients. The motion

coefficients are transmitted to the decoder 20 (information stream 2 in
Figures 1 and 2). Functions f, and g are called motion field basis

functions, and are known both to the encoder and decoder. An approximate
motion vector field (Ax(x,y),Ay(x.y)) can be constructed using the

15  coefficients and the basis functions. As the basis functions are known to
(that is stored in) both the encoder 10 and the decoder 20, only the motion
coefficients need to be transmitted to the encoder, thus reducing the

. amount of information required to represent the motion information of the

frame.

20
The simplest motion model is the translational motion model which requires
only two coefficients to describe the motion vectors of each segment. The
values of motion vectors are given by:
Ax(x,y) =a,

B M=t @

This model is widely used in various international standards (1ISO MPEG-1,
MPEG-2, MPEG-4, ITU-T Recommendations H.261 and H.263) to describe
the motion of 16x16 and 8x8 pixel blocks. Systems which use a translational




MPEG 2, MPEG 4, | TU-T Recommendations H. 261 and H. 263) to deschilblAYt A6
notion of 16x16 and 8x8 pi xel blocks. Systens which use a translational "1 0O
MAY 2006 9 notion nodel typically performnotion estimation at full pixel
resolution or some integer fraction of full pixel resolution, for exanple
at half or one quarter pixel resoluti®. 5 The prediction frane P" (x, y)
is constructed in the Mdtion Conpensated Prediction block 13 in the
encoder 10, Mahen imodgh\tgpically perform mworteatmhucm Ask (ol pixed resolidikor ) 1 (5)

10 In the g.b the prediction error frane
oy s e dhfelr ldebn BCkBoReL Eesdldian. dor fxamwia at half oroons o
(transform uﬁnets@mt resdlitigisi onal funct i ons. For exanple, a 2-dinensional
Di screte C05| ne Transform (DCT) can be used. The transform coefficients

are quantlsed and entropy (for exanple Huffrman) coded before they are

transm Bte (ﬁ Flecod (ipformation stream1 in Figures 1 and 2).
Because” of pé‘? gjfon lb‘i/cﬁﬁﬁﬂtl‘?@dt Nothe Mation Goemenisatecusual |y

produces s SS or At i on n the prediction error
frame E" (x?ﬂ?dmﬂSHb 3&Eﬁ5§ﬁé%?8P8 %(SEHEGB &QM the encoder 10 al so
conprises a Prediction Error Decodi ng bl ock 15, mhere a decoded prediction
error frame 20 E" (%, y) is constructed using the transform coefficients.

Thi's | ocal IR (deredt +ak(ecdyp§,4m3;(§ry?] r frame is added to the pg@dl ction
frame P(x,y) in the adder 19 and the resulting decoded current™rane

| ?(Xx,y) is stored |n the Frame Menory 17 for further use as the next

refere elﬂﬁqem} 25 The information stream 2 carrying information
about n'e\%‘élpar%"(?fsCOfé!Bﬁbiqﬁdethu predictioeerronfradeUut, (k)9 igr edi cti on
error in It| Iexer 16%@?:1 -an information stream 3 contalnlngtyplcally

at |east t Y\%Wﬁﬁe Y rTepResaniingiibas adindeserics (trmsfdsn)adfeworﬁ@ 30 The
oper at i on ﬂdnﬁeﬁgbhaﬁw&bns o R8I 22 mlnslon2f Big cfess  bed. 0 MAY

2006 10 Transform (DCT) can be used. The transform coefficients are quantised and
entropy (for example Huffman) coded before they are transmitied to the
15 . decoder (information stream 1 in Figures 1 and 2). Because of the error
introduced by quantisation, this - operation usually produces some
degradation (loss of information) in the prediction error frame E, (x,y). To
compensate for this degradation, the encoder 10 also comprises a
Prediction Error Decoding block 15, where a decoded prediction error frame
20  E,(xy) is constructed using the transform coefficients. This locally decoded

prediction error frame is added to the prediction frame P (x,y) in the adder

19 and the resulting decoded current frame T . (x,y) is stored in the Frame

Memory 17 for further use as the next reference frame R, (x,y).

25 The information stream 2 ea'rrying information about the motion vectors is
combined with information about the prediction error in muitiplexer 16 and
an information stream 3 containing typically at least those two types of
information is sent to the decoder 20.

30  The operation of a corresponding video decoder 20 will now be described.




The Franme Menory 24 of the decoder 20 stores a previously recon,zhrtgﬁ e?bé]
reference frame R" (x, y) . The prediction franme P (x, y) is ¢ g
in the Motion Conpensated Prediction block 21 of the decoder 20 according
to equation 5, using received notion coefficient information and pi xel

val ues of 5 the previously reconstructdf@ reference frame R' (x, y) . The
transmtted_transformcoefficients of the prediction error frame En(x, vy)
are used i nThadrapeddemany24@irbe dosoder 8G didreska pRevicustp redonetitictelie

rame 1 (. PEGTER RIRE R ol Ps&réécﬁég g b 5 i e P

(x y) Y)anlcgl) Em,,g C(??;ﬁﬂr%\éée ﬁ%@%ﬁ:b@)rb@f ‘Sf;ﬁe Wz@l %c)'cqql{pg t9ecoded

cur r ent fraeguation &msstg)r@éwem mbﬁoﬁbaéﬁ!cmfﬁrrﬁéh&? ahﬂ?:xeﬁal'ﬁéétof

ref erence frarre R+, y). In the description of notion conpensated
encodi n@ a ed@@iﬂf?%@f (WCQHWUF@(’ refeseisep faseet B xapov eThe Heansatitted vect or
[ AX(X,Y), Ayl$ éamdes J’I bi ngithe nption of a macroblock in the current
frame with %&% icipnts of the pradictipry earae frRMex By {x, yhargdised indhany of

t he pixels rence.fr This neans that notion between franes
of a digi taﬁ’f%’f @8“5’ o %@’%ﬁ%kﬁ? tpeconstipettherdenedgd predision eopn whi ch
is determ dbythel e e in the frarre(so called full pixel

resol uti on) TR afr (P g'ﬁ"% H@ﬁgvg the,decedeqd cugept frgme ilsixy), asghdhemus t he

system des nl rovi.de 25 roxi mat e rmdel ling of the
noti on bet @éﬁﬁgl}@c@%@v%ﬁf’ né'éeoﬂe%fcﬂﬁ'blffﬂﬁ Vi@en seduthecdecadad cal |y,
m)dellia (gotlon be%ween ‘\?Wdéo frames with full pixel resolution is not
suf fi cilnt We ICHOP &rer tram@ Fdd%Xffici ent mininisation of the prediction

error (PE) information associated with each .macroblock/frane. Therefore,
to enabl e nore accurate nodelli ng of real 80 m)tion and to hel p reduce the

anount of transmtte o ncoder, t o decoder,
many vi deoasé'{ 3’2 akggrﬁtdgla Ry 9603 1 FI-J'S)GB(+) @) and
H. 26L, allow noti on vectors to p0| nt "in between' image pixels. In other

words, the notion vectors can have 'sub-pixel' resolution.
This decoded current frame may be stored in the Frame Memory 24 as the

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

In the description of motion compensated encoding and decoding of digital
video presented above, the motion vector [Ax(x, y),Ay(x,y)] describing the
motion of a macroblock in the current frame with respect to the reference
20 frame R, (x,y) can point to any of the pixels in the reference frame. This
means that motion between frames of a digital video sequence can only be
represented at a resolution which is determined by the image pixels in the
frame (so-called full pixel resolution). Real motion, however, has arbitrary
precision, and thus the system described above can .only provide
25  approximate modelling of the motion between successive frames of a digital
video sequence. Typically, modelling of motion between video frames with
full pixet resolution is not sufficiently accurate to allow efficient minimisation
of the prediction error (PE) information associated with each
macroblock/frame. Therefore, to enable more accurate modeliing of real
30 motion and to help reduce the amount of PE information that must be

transmitted from encoder to decoder, many video coding standards, such as




Al'l owi ng notion vectors to have sub-pixel resolution adds to the @ome@hgy
of the encodi ng and decodi ng operations that nust be perforned, b8 gt

still advantageous to limt the degree of spatial resolution a notion
vector may have. Thus, video coding standards, such as those previously
menti oned, typically only allow notion Mectors to have full-, half- or

guarter- pixel resol sjti on. 10 Mtion estimation wth sub-pixel resolution
is usually ﬁ?@%‘i@ﬁ #daH30., allowgmatioacestorsde point §n etwden’ninfageur e 5,

for a video ' i | tion yectqors to have full- or

hal f - pi xel PEso 'Htai%tﬁ.gpp}r?r%eﬁ?i W@k'ogﬁeeﬁ,@rﬁ C%y'%% W@%’PB‘@' HESPIHHON.

ful | - pi xel  Wdiowing motioh vedRIrs tarhags subLoigsl 38y gt sk
estimation s'c]hema, such as the bl ock- na%i ngoigggrggggéltg tﬁ%?@ﬁ‘ﬁ%ﬁwi n the
foregoi ng. Phée £86edIng Ansoeeending operatiansvthat) niust bepprefbrmedssd itison i s
shown i nc Fi gy - e W _stage, the notion vector determned in the
first s'?s agegildgsd‘?aeqt%ﬁ%% Bosg@ﬁl;ﬂﬁ é?&eee‘gi shakial sesolyiorb . melien weck. I n t he
exanple ill r faed. Zthush ¥ideo' eolingt Rtand ) Y ok Ok ' ew
search bl ocgguyqf 16 x 16 pixels, tn e l@gg??%n'ﬁgFﬁt ﬁé @#ﬁ?ﬂg%ﬂgr of
each bl ock B@nHignehixeigally enlyzallow metish yectors to Haes dull-pbalfi onguarer-denot ed
as [Ax + ni 'xemésﬂug{)g]’ where m and n can take the values -1, 0 and +1,
but. cannot BECZero the same tinme. As only the pixel values of original

i mage pixels are known, the values 25 (for exanple |um nance and/or

chrom nance val ues%_ of the sub-pixels residing at half-pixel |ocations
must bdUestMatier @sligation avitho sulbipixebirgbolutienvis sisaalbhpbionked assan@osome form

f int | b, Hayi ' | ated th | ug f th b- pi xel
2t hal T pi a0f BOGEE B 1hERlRt WS E'1ar a1ded Gpilinaupese mavgormar od

wi th the: meioolslmoonbectorsal have KAICLP hall Bl HasbiGREth théirdt hidf)S, bl ock
mat chi ng process perfornmed in order to determne the notion vect'or with

full pixel TPEYN uvedar badngsdulbpixet kraseluticonpar edtaimihedaalsingf ame ei ght
search blo | t cLl lon, ,1 O.MAY 2006 12 for exanple a
SAD. As a %@?ﬂfﬁti_ﬁo{? %ﬂg’”c%ﬁ;ﬁa'ggﬁé’oénéﬁeﬁé’rﬁ%hﬁﬁﬁ%% TRRIChROrOGE o al |y be
obt ai ndf. Deseribizddn dhe tforguigir The frebiEingOhbfAn I vectdle 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

20 in Figure 5, this is done by forming eight new search blocks of 16 x 16
p_ixeis, the location of the top-left comer of each block being marked with an
X in Figure 5. These locations are denoted as {Ax + mf2, Ay + nf2}, where m
and n can take the values -1, 0 and +1, but cannot be zero at the same
time. As only the pixel values of original image pixels are known, the values

25 (for example fuminance and/or chrominance values) of the sub-pixels
residing at half-pixel locations must be estimated for each of the eight new
search blocks, using some form of interpolation scheme.

Having interpolated the values of the sub-pixels at half-pixel resolution, each
30  of the eight search blocks is compared with the macroblock whose rriotion
vector is being sought. As in the block matching process performed in order
to determine the motion vector with full pixel resolution, the macroblock is

compared with each of the eight search blocks according to some criterion,




vi deo sequence, this m ninmum value may correspond to the IocatqowiﬁAy 2006
specified by the original notion vector (having full-pixel resolution), or
it may 5 correspond to a location having a hal f-pixel resolution. Thus, it
IS possible to determ ne whether a notion vector should point to a

full -pixel or sub-pixel location and 22 sub-pixel resolution is
appropriate, to determ ne the correct sub-pixel resolution notion vector.

It shoul d af%FFIRIB B SAPaSR rerit ohtbe ecampanisonss @ chisionirh SA aaluee

ext ended t t i : ' for, 10 _gxa ,_one-quarter-pixel

resol uti on;)wﬁlnagﬁe%n Pr%efsg{aéé\egﬁ g%%ésrﬂﬁﬁﬁ &I’lnofhe Pﬂ&'ﬁ?g@t ﬁlee!'"clt’ﬁ’g Bs tion

of a sub- piwdeovséqeerice, tthis rraihEnenc &afuea MBay ?cor?&fﬁcﬁ{dmig ﬁTé gt fioRo! ating

t he val ue of tcs,}e ‘£Ub-pl xel from surrounding pixel ‘values. I'n general,

i nt er pol at | REWHFehby Hie: ergienl malier vegtey (having fullepixel resofution),5or ihtnager

| ocatio = , - formul ated as.a two- di nensi onal

oper ati gn,( )%roer%e)rsgé)gn? é ﬁ%ﬁ%ﬂ'@ﬁ% '%58'?‘9%50[@993 Syl is pogsible to

f (kK. | +L) Fatedmming Whether & inotibn (ELIASHYURS Rolri'th)a Hilplel PSR! Cf ents
vely, |

and n and m are obtained by truncating x and y, respectl nt eger
val ues. Typpealian, and iflesul-pixet ressdutianciseappropriate, deistdamineocihet drectand vy

val ues and e i g1 s are usyally so- called 'separable
filters', iérllﬂ '?‘gt?ercsggje‘%u@‘?’ﬁ{’%te%@r @eSIﬂ?élay‘}'S ¢ geprreciated that dhas

fol l ows: 2%cKefnd<jukt Hescribed san be( &ttbhded to Jo’fﬁ%ﬁéﬂﬁ-ﬁif@’f 'r)esglﬁti&\slgot‘( (8) The
motion_yectors are calculated in the encoder. ce the corresponding

mot i on1@oefEXARRIA: enaspvanierpixelireselution) inten entirelyeanalogolis fashidr. ai ght f or war d

30 matter to interpolate the required sub-pixels using an interpol ation
met hod identical to that used in the encoder. In this way, a frane

fol I ow ng an (préiice}@Ré estimation of a sub-pixel_value in the reference frame is
performed by interpolating the value of thersub-pixel from surrounding pixe}

values. In general, interpolation of a sub-pixel value F(x,y) situated at a non-

15 integer location (x, y) = (n+A4x, m+4y), can be formulated as a two-

dimensional operation, represented mathematically as:

K=} L=}

Fx, )= Y Y fk+K I+ D)F(n+k,m+1) (M

k=-K I=—-L

20 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:

25

K=

Fiuy)= Y fk+K)Y fU+K)F(n+km+1) @)

k=-K =K

The motion vectors are calculated in the encoder. Once the corresponding
motion coefficients are transmitted to the decoder, it is a straightforward
36 matter to interpolate the required sub-pixels using an interpolation method

identical fo that used in the encoder. In this way, a frame following a




13 reference frame in the Franme Menory 24, can be reconstructe tﬁ]ﬁ’ﬁ
reference frame and the notion vectors. The si npl est way of appal r‘\glw
sub- pi xel value interpolation in a video coder 5 is to interpolate each
sub- pi xel value every tine it is needeg However, this is not an efficient
solution in a video encoder, because i 3| s likely that the sane sub-pi xel

val ue wll sever hus cal cul ations to interpolate
t he same su‘%?%'lre@g# f@%ﬂﬁé”v‘ﬁ?l fBE‘egE’f% At pﬁl reconsiguctedfram thesul ts in
an unnecess@forenoe feaseanll e MvtioatlveeRas. compl exity / burden in 10 the

encoder. An alternative approach, which limts the-conplexity of the
encoder, is to pre-calculate and store all sub-pixel values in a nenory

associ at ed épmé}] encog .. This ol,ylét]i on is called interpolation
“bef o - hantl Fi E?) oVay ehapplying suspixel vala Wierpelsdiondnta videpieoder i t i ng
conpl exist y s b@frﬂéﬁydlﬁécbadhrﬁtﬁf E&bﬁéiﬁ& et&%g QJ?;% f' sfﬁge@ afg&}”%‘g‘?{{ ggeasing

menory usage by a'large or éxa Saccuracy

i s one quans @ot ginxefficient sbtnmbnhnra xzwﬁoaén@mérvﬁé&a@sﬂ itds WR@?‘ #ag thest 01 Ng
pre-cal cul at ed i xel ~val ues for a conpl ete i mage resul s 1n a nmenory

b-
usage t hat SF‘E"‘?LﬁuulP Phed valygwill be Eﬁﬁi&f#feééeweraittm@ améﬂms ciloalations to
t | v | | at f
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inefficient in a video decoder, as the majority of pre-ca

sub- pli he 8BCOqEN | never be required by the decoder Thus, it is 25
advant ageous not to use pre-calculation in the decoder. So-cal | ed
‘on-demand’ interpolation can be used to reduce nenory requirenments in the

encoder. FAn sliernntive apprddes, esth ‘ﬁﬁhﬂ%‘ el c&ﬁﬁesg*r‘?i? the erﬂié?irb | xel

resol ution, only sub-pixels at one half umit ution are erpoI at ed
bef or e- hanBra-galcylate apd storealiraubspitekvaluesiin a méraomopaate&amemwf

ot 1 on-est PR TR AL S s Rudwidio e and | Diegiatond. i n o
MAY 20t lHereafter in this document. While limiting complexity, before-hand
interpolation has the disadvantage of increasing memory usage by a large
margin. For example, if the motion vector accuracy is one quarter pixel in
both horizontal and vertical dimensions, storing pre-calculated sub-pixel
values for a complete image results in a memory usage that is 16 times that
20 required to store the original, non-interpolated image. In addition, it involves
the calculation of some sub-pixels which might not actually be required in
calculating motion vectors in the encoder. Before-hand interpolation is also
particularly inefficient in a video decoder, as the majority of pre-calculated
sub-pixel values will never be required by the decoder. Thus, it is
25 advantageous not to use pre-calculation in the decoder.

So-called ‘on-demand’ interpolation can be used to reduce memory
requirements in the encoder. For example, if the desired pixel precision is
quarter pixel resolution, only sub-pixels at one half unit resolution are
30 interpolated before-hand for the whole frame and stored in the memory.
Values of one-quarter pixe! resolution sub-pixels are enly calculated during

the motion estimation / compensation process as and when it is required. In




this case nenory usage is only 4 tines that required to store th,egci\l;hgi@%,
non-interpol ated i mage. It should be noted that when bef ore-hank !
interpolation is used, the 5 interpolation process constitutes only a
smal| fraction of the total encoder conputational conplexity / burden,
since every pixel is interpolated justi4once. Therefore, in the encoder,
t he conpl eé'ht of the interpolation process itself is not very critical
when bef or é'RRFS TIETPRYsagR iseonlitéehifpesdhabreduiredusestoredthd beginaher hand,
on-demand |44 %Hté’@'rﬂgggs a much higher 10 conputational burden on the
encoder, since sub-pi xel's ly be interpolated nmany tinmes. Hence the
conplexity of interpolation process, which nay be considered in terns of
t he nunber of computational operations or operational cycles that nust be
perforned ilh w@f he nofedr fhatawhienh betorb-hamdk dhtenpdiatien iBeaoses tae
| mpor t apt | deration. 15 In.the decoder, the sanme sub-pixel values are
used a ew?'ﬁlgﬁ@g@‘% %%qesénQPnsé'hH@S RosMak deasdiontof dhp. totalesnsodee, in the
decoder it g e fore-ha ot erpol atign. at all,
that 15, i COMPURAIEA IMCREL { BOdAD SRR bioAT Rl I SUBeiael il ues. 20
Two i nt er ponaei Sheteforerirs teasmcdumNthiessthplRRy %ﬁtﬂ@frﬂergblédtiéﬂ MBE&ss Ongoi ng
t udy

in the I TU Telh%c)ommni catj.ons Standardi zation Sector, G oup 16,
Vi deo Codi ABE'EXD & Yoty &Hflicqhwien befpreshansh sub-pixel viue imegsalatippisoaches

wer-e propo f ' ratl en. | | TU:-T 25, recommendati on H. 26L and have
been i npl e?rgﬁq'e n %\thgg@rr@éd{ecﬁsoﬁ'?%andf Ei[e@ﬂ’?t'ﬁﬂr‘b‘&eess asugh Aigher on and

f ur t het0 devemnpptaional Borlcnes thedatoddrOsi hiRels | ' S
referred to as Test Model 5 (TM.5), whil Q%'E‘Mﬁg?m?ggdﬁ?ﬁgq iregﬁ]o%%gstion 6

i s known aflaf¥simepqllpnee thevcemplaxity of imespplatiani process) emkishpnapered in
both TML5 ; L | w he 0 _described. Throughout the _description of
thé sub- pi g%@%qege% nkee oléz;}t iy EEH@?&E Ggeﬁompﬂtagggg (RREsationg_zor P

ref erence opératioraneyiies thdtiraustbd FbronhedNindSER S iftersbifeMhS 4706

pixel values, becomes an important consideration.

15
in the decoder, the same sub-pixel values are used a few times at most and
some are not needed at all. Therefore, in the decoder it is advantageous not
to use before-hand interpolation at all, that is, itis advantageous not to pre-
calculate any sub-pixel values.

20

Two interpalation schemes have been developed as part of the work
ongoing in the ITU-Telecommunications Standardization Sector, Study
Group 16, Video Coding Experts Group (VCEG), Questions 6 and 15.
These approaches were proposed for incomporation into ITU-T
25 recommendation H.261. and have been implemented in test models (TML)
for the purposes of evaluation and further development. The test model
corresponding to Question 15 is referred to as Test Mode! 5 (TMLS5), while
that resulting from Question 6 is known as Test Model 6 (TMLS6). The
interpolation schemes proposed in both TML5 and TML6 will now be
30 described.

Throughout the description of the sub-pixel value interpolation scheme used

in test model TMLS, reference will be made to Figure 12a, which defines a




15 notation for describing pixel and sub-pixel |ocations speC|f @ @@ T@jﬂg
A separate notation, defined in Figure 13a, will be used in the E

of the sub-pixel value interpolation scheme used in TML6. A still further
notation, illustrated in Figure 14a, will be used later in the text in
connection 5 with the sub-pixel value ifiterpolation method according to the
I nvention. It _should be appreciated that the three different notations
used in t heQtalien Jpe desaibingepixeloand siubt-pixel idoationslepetrdingMils. egch
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sub- pi xel g@’ @ [mgunsﬁ eqapes N thaa. Hogvenes, lﬂe?f“rihmmflguﬂeeriheont al

| ocation' |eficdS®

construct ed |é'lh aqbcggﬁérrgggiér{aﬁ%bg Pélpﬁﬁ%éé)#aﬁi ﬁgﬂglxeidggoféf&@ Sﬁgeand ein

Fi gur el) 128pegiticaliya thedettes| A re(sresellﬁsﬂhédbﬁaﬂbrﬁﬁﬂpﬁelsnin theGH{=Re have unit

hori zont al o] %ﬁ f25 ThF m'unit vertical |ocation' a? useg

descri be aﬁ%’) ég %@Iramﬁa? ?é" eogitIuenee.Jheinixel viabigsosf plh@sd’rbgngal i mge

dat a. Sub- gittkst! JeBewBE @si urhUirSmel f"f%@gt ﬁgai 33}5&&9 A% SUbt %'(Sxe' s b
on Gt (Bn

and d in Figure 14a have unit vertical™" pi xel s
A have uni techosiracietiabndnstorst tasver téferincdeOfie "R (x1)0 iVAke2Rfne

Memory 17, 24 of the encoder 10 or the decoder 20. All other letters
15 represent sub-pixel locations, the values of the sub-pixels situated at the
sub-pixel locations being obtained by interpolation,

Certain other terms will also be used in a consistent manner throughout the
_ text to identify particular pixel and sub-pixel locations. These are as follows:
20
The term unit horizontal location’ is used to describe the location of any
sub-pixel that is constructed in a column of the original image data. Sub-
pixels ¢ and e in Figures 12a and 13a, as well as sub-pixels b and e in
Figure 14a have unit horizontal locations.

The term ‘unit vertical location’ is used to describe any sub-pixel that is
constructed in a row of the original image data. Sub-pixels b and d in

Figures 12a and 13a as well as sub-pixels b and d in Figure 14a have unit
vertical locations.

30

By definition, pixels A have unit horizontal and unit vertical locations.




16 The term'half horizontal |ocation' is used to describe the4lpoaiy opgef
any sub-pixel that is constructed in a colum that |ies at half pixel
resol ution.” "SUb-pixels b, ¢, and e shown in Figures 12a and 13a fall into
this category, as do sub-pixels b, c and fin Figure 14a. In a simlar
manner, the term'half wvertical locatijgn' is used to describe the |ocation
of any sub-pixel that is constructed in a row that |ies at half-pixel

resol uti on, Theclerms hallth@izepha 16cafidi is ds@dﬁb%éﬁﬁib%zﬂ‘eﬁ@%gﬁﬁ;of wel | -as

sub- pi xel s b, c_and g in Figure 14a. 10 Furthernore, rter
hori zont al - FERRMEANAL isr eersirustethyn eueolpmiethattliest af half piedirresdlationn a

| whi ' - Pl xel. | ut,ion, h . b-pi xel s d d
o Figure 1940 el SLRRNE SRONE n FRPebi1ea sind e dllinto i Grtsgery.g and h
. F 1 P . ' H 1 ; f t
SUD- pUXCl S {hat ar e eonat gy P AR P Sl gt K RTnal el * 1

- resol ut in. vertical lpgation'zls, usarhipidescsbe thadotation bf iamkosithphel @dtggory, as
fand h in Figure

do sub- pi xe d in Fiqure 133 and sub-pixels e, .
14a. The de’+$qﬁ?{"'lcg€ﬁ?&a Qe it Te at Ralpixab soltion, absbeas sulpixels c
by' envel opegnd d2i Higarss 9PatdR 94" ' i houl d. furt her be
noted that it is of tgen conveni entgé't§§%g%€%gt)dgﬁ$i{lléa%narﬂma 'Peh a
two- di mensi b#l reference. In this case, the appropriate two- di mensional
reference can be obtained by exam ning the intersection of the 25 envel opes
in Figures 12a, 13a and 14a. Applying this principle, pixel d in Figure

12a, fq0 examHemoiésthie fahd ° ot HYr B ) L gal . location,and
sub-pi xel e has a unit hori zodnltﬁgle;and gﬂgér?ﬁ%‘%m@é‘r;ﬂg@tﬁ qsoac'g’t g% '.p"ﬁeh

addi tion, thadisiconsiucteddn areslemanhich tieb apquaiter-pikel reseRitign, Qickas f uni t
hori zont al |, . [ rt.ical |ogations, unit horizontal and half unit
vertical | osi@tgﬁ’ '6‘%@ Ctgx%l |{ﬁ%@urg§ ﬂr??alslu Em?‘g‘.sﬁb?’i'quﬂdﬁ%{ﬁdl%aﬂd §ubt
vertical | I$ f)sg aMd h he Figirar 184 t -ni xel s.
Sub- pi xel sqﬁv\ﬁ _cﬁj,]rgesi de at aé@jrquaf?eaﬂaﬁiﬁto%%f ité%ﬁfgérﬁ hg%ﬁéfegﬁ'caﬁarter
uni t verti degatiopc sefetn 19 sub-piselscthat rared canstrmicieichin es edwitvisioh Sl api xel s. |
0 MAY ?906quarter-pixel resolution. In Figure 12a, sub-pixels e and f fall into this

category, as do sub-pixels e, f and g in Figure 13a and sub-pixels e, f and h
in Figure 14a.

The definition of each of the terms described above is shown by ‘envelopes’
20 drawn on the corresponding figures.
It should further be noted that it is often convenient to denote a particular
pixel with a two-dimensional reference. In this case, the appropriate two-
dimensional reference can be obtained by examining the intersection of the
25 envelopes in Figures 12a, 13a and 14a. Applying this principle, pixel d in
Figure 12a, for example, has a half horizontal and half vertical location and
sub-pixel e has a unit horizontal and quarter vertical location. In addition,
and for ease of reference, sub-pixels that reside at haif unit horizontal and
| unit vertical locations, unit horizontal and half unit vertical locations as well
30  as half unit horizontal and half unit vertical locations, will be referred to as 1
resolution sub-pixels. Sub-pixels which reside at any quarter unit horizontal

and / or quarter unit vertical location will be referred to as % resolution sub-

pixels.




17 It should also be noted that in the descriptions of the two {ﬁSt ?Dﬂﬁhs
and in the detailed description of the invention itself, it w ¥a
assuned that pixels have a mninmumvalue of 0 and a maxi num val ue of 20-1
where n is the 5 nunber of bits reserved for a pixel value. The nunber of
bits is typically 8. After a sub-pixehzhas been interpolated, if the value
of that interpolated sub- pixel exceeds the value of 2-1, it is restricted
to the range of [0, 2"-1], i.e. values |lower than the m nimum all owed
value will becone the mninmum value (0) and values |arger than the maxi num
will the bellSheuldbaisende nated ikatie the desdriptivhs of dpetves tesi med@ialahadn

now be " desti?: SR B sonl o Cor e i Biactbiro il becassumed Ty hials 12c. 15
1. The val ugadel iittmaHD vakisedt @tan@aéfe#m@h ué%'ﬁ?" gﬁnﬁe}é“ht?\fﬁ tical

| ocation, that is h resolution sub-pix gure 1 I's cal cul at ed

usi ng a9%- taMber pkbits wrved farra pmeéwah)batrhe rmmlaéwf bity is typicagiplut i on
i xels (Ar. to Af situated in a

b- | . f
ow ot oA SR P v Bk Eraflatadh i belie i hebiewskued sibot 1 cal 1y

about 20 b,pirs Shevlsi r -
T 2083+ Jong Oenas tﬁ%ﬁég’%eﬁ 2'22,2“ ﬁégt@étggé{’ Ine Fg%é FZQ ﬁb 43 é’%bn Wi t h
truncati on Vallllﬁﬁ laywar thansthel n‘mnemm allowedi mlué@vlﬂéﬁmﬁ)rﬁ@ thd"'mirlimurm Val ues

for the ' soI tion s i xels, |abelled ¢ are cal cul ated using the 25
sane six ta\’ﬁ‘ Ye I@e?"%é’aﬂ?égafg?r dhap the gpaximun il the hesomerimasimusr sub

pi xel s 10A @ank (g’w)tfﬁls‘fﬁferré?@ilscea'iIS@ﬁZ:hé}gIrS)%Ref erring now to Figure 12c, the

filter interpolates a value for the 1 ution sub-pixel ¢ |ocated at
uni t hor| zontal and half vertical |ocation based upon the values of the 6
at uni t horizontal |ocations and

3:17(? 1530 velﬂ_ teoﬁﬁ'?&)p 3 tu Ed T ?’?‘L W‘%@Gﬁ?r 9 3R ke rwgll tnow b for nul a
R st e o (gt 1
|l ocation is calculated according to ¢ = (b, - 5b2 + 20b, + 20b, - 5b5 + b6
+ 16) is 321. 1Tth %Yuezq’gp tljig sub-pixel at half unit horizontal and unit vettical
location, that is % resolution sub-pixel b in Figure 12a, is calcuiated
using a 6-tap filter. The filter interpolates a value for % resoclution sub-
pixel b based upon the values of the 6 pixels (A; to Ag) situated in a row
at unit horizontal locations and unit vertical locations symmetrically about
20 b, as shown in Figure 12b, according to the formula b = (A; - 5A; + 20Aq
+ 20A4 - 5As + As + 16) / 32. The operator / denotes division with

truncation. The result is clipped to lie in the range [0, 2"-1}.

2. Values for the ¥ resolution sub-pixels labelled ¢ are calculated using the

25 same six tap filter as used in step 1 and the six nearest pixels or sub-
pixels (A or b) in the vertical direction. Referring now to Figure 12c, the

filter interpotates a value for the % resolution sub-pixel ¢ located at unit
horizontal' and half vertical location based upon the values of the 6 pixels

(A, to Ay} situated in a column at unit horizontal locations and unit

30 vertical locations symmetrically about ¢, according to the formula ¢ = (A,
- 9A, + 20A, + 20A, - BA; + A, + 16) / 32. Similarly, a value for the %
‘resolution sub-pixel ¢ at half horizontal and half vertical tocation is

calculated according to ¢ = (b, - 5b, + 20b, + 20b, - 5b, + b, + 16) / 32.




Again, the operator / denotes division with truncation. The valuﬁﬁ MAY 2006
calcul ated for the ¢ sub-pixels are further clipped to lie in the“range [O,
Z- 11. 5 At this point in the interpolation process the values of all Y2
resol ution sub-pixels have been cal cul ated and the process proceeds to the
cal cul ation of 1/ resolution sub-pixeli&alues. 3. Values for the Y4-

resol ution sub-pixels |labelled d are cal cul ated using 10 |i near

i nt er pol at i onAgaih,t the \oplenater of denetesealivision piith| Buaestidn. OThY 2v4lgs§! ut i on
sub-pixels in the horizopntal djirection. Mre specifically, values for '/a
resol uti on suf2 Pkﬁ?@ﬁﬂiﬂﬁéhﬁﬁﬁi" S gimafuriber gbppedie lie iatheuange Pertica

| ocations, arergplculated by taking the average of the immediately

nei ghbouring pixel at unit horizontal and unit vertical 15 |ocation (pixel
A) and the i medi ately nei ghbouring Y2 resolution sub- pixel at half

hori zontal and unit vertical |ocation (sub-pixel b), i.e. according to d =
(A + b)3/ At this peink by the inteseolationrprecesitiel waldes afaalk d4 resolgticr t er

hori zontal and half vertical are cal cul ated by taking the

| ti ,
average of &%mﬂ%&%h&%icgﬁgé'a%r&i@ndztn@sma@ewnpm@&@stm 20 whi ch
| t it LZQnt al, | f i cal, | ti d hal f hori t al d
nat tver 1 A0 ch 1 bR s EpINeT Balle858 L or i g to d = (o o co) 2

Agai n operator/ indicates division with truncation. 4. Values for the Y.
resol ution sub-pixels labelled e are calculated using 25 |inear

i nt er pol at BonValbestfoe they Y gesolitiomsubepixels tlaipelied d avedcalcatate® usigp! ut i on
sub- pi ﬁgl S i r,.the verti Cfil dirrgf%ti on. In ga}[lti cular, Y< resolution

sub- pi &1's e eaninferpelafion, and e,y Pethe Nearesl piwlisiandns oiré

cal cul at ed by it i I ; i hat ' I i xel at
unit hori ‘zontrglbaigrtllgalfﬁpﬁw\?;ég?t!?g% Hf’rcl)%:&a}??'on : gf’ﬁeﬁ"}f\? gﬁﬁgﬁpﬁy i%i ately 30

nei ghbour i ng feuld4apreselution subipixels id dodabd.-catd gbaitér \norizontdl At ainiton (sub-
i xels e3 at half

Por i zont ai - aNEYiH s 1ToRs [ Wh ‘daliuledndyatakion dhf . beade takitg the 1 O
VY ggg?alwa gg;mma@wfné@ﬁ)dun@d ipiie?! 4t RPHOMRAROAAY AHE- BhX Neriban?! f

15 location (pixel A) and the immediately neighbouring % resolution sub-

pixel at half horizontal and unit vertical location (sub-pixel b), i.e.

according to d = (A + b) / 2. Values for % resolution sub-pixels d located

at quarter horizontal and half vertical locations, are calculated by taking

| the average of the immediately neighbouring ¥ resolution sub-pixels ¢

20 - which lie at unit horizontal and half vertical location and half horizontal

and half vertical loeations respectively, i.e. according to d =-(c; + c2)/2.

Again operator / indicates division with truncation.

4. Values for the % resolution sub-pixels labelled e are calculated using

25 linear interpolation and the values of the nearest pixels and / or %
resolution sub-pixels in the vertical direction. In particular, % resolution
sub-pixels e at unit horizontal and quarter vertical locations are
calculated by taking the average of the immediately neighbouring pixel at

unit horizontal and unit vertical location (pixel A) and the immediately

30 neighbouring sub-pixel at unit horizontal and half vertical location (sub-
pixel c) according to e = (A + ¢} / 2. % resolution sub-pixels es at half
horizontal and quarter vertical locations are calculated by taking the




unit vertical location (sub-pixel b) and the inmmediately nei ghbquy iy L0086
pi xel at half horizontal and half vertical |ocation (sub-pixel c),
according toe = (b +c) / 2. Furthernore, 1/4 resol ution sub-pixels e at
gquarter 5 horizontal and quarter vertlcal | ocations are cal cul ated by
taking the average of the inmedi atel yl nei ghbouring sub-pixels at quarter
hori zontal and unit Xms(tlcal Iocatlon and the correspondi ng sub-pi xel at

quarter hori®Eieds oL Immediptely ineighboysingisyh- R'é@ltﬂfmalfeln@lmlalm@or ding to

e =(di + d
tr unf:at I on. il%)mlévé’rjlgﬁéglgg?tﬁﬂéf &gpﬁﬁ%r) gisngll ‘GF‘ q'g'rllﬁ %’9 0'1"3"9 ﬁ‘m%r pol at ed
by aver agi ng pixel at\,hﬂmhenzﬁntali‘mdlhalfo&ﬂﬁial Roottion (%abljﬁﬁelfﬁ) a&bdrdi'ﬁgrl zont al

and verti cal Iocatlons aérgrdln = (A +
where pi xel s t + &} [o#dFugh a%or@hééfr@a@lumrar%@tpmebgerml qqtariearl s 15 A

di sadvaqit age Thi s
resul t?f romﬁ]%&M%téﬂlhpg?ﬁi?%ﬁqgﬁ&%‘% %%”nﬁg CH aa‘P}V Xﬂ an?at I on

'/ 4 resol uti avesage of thel mmédla&l}dﬁe@hdéum&?@u&imdlélhﬁﬁ@@r‘té’ft hé&rzoRtal %0
resol ution subgpl xel val es This nmeans that in order to iInterpolate the 20

val ues of thé&@n H“l‘e‘éﬁﬂ'@ﬁlBHaHbe-%l@(&esCoﬂﬁepmlegssw-pmabat/(marmm ution
b- Is dt | ted first.
Furt hor nor o, MoRZoHtal B BB AACIIGLAIN GR6RES of S Beitote E St 51 el <

depend upon bk’ 2] Qhee mraltmnbmﬁirll%dlééibéldﬂﬁ’ﬁoﬁWth%uhﬁfatlbh4 resol ution
sub-pixel s, truncation of the 1/4 resol ution sub-pixel values has a

del et ous effect on the precision of 25 sorre of the 1/4 resol utlon
sub- pi xel ya { r i xel ues are
I essppr em%e Z\F]al Z‘)g/'l V\ADF%&;I%QOF‘%%&#'{%’ F‘SF @ﬁfecflgyté@"?ﬁﬂ'é@ d not
been truncat edluaadotihh@@@ios@éﬂtﬂwlsdiaiﬁé’y%t@% Horizof %@ad& Ve it 1S

necessary to store the values of the 1/2 resolution su pt xel's 1n order to

i nterpol ate lacations, acconding teh= =4Bb+zceAswahure ) / Tnehefpixelsily, dygcess
menory is reﬁa'ahﬂ%taﬂestf\é? ¢ Oﬂ,‘ésaiﬁélr{g'gg@ch LS not ultimately required. The

sub- pi xel e 1nter §1gto TML6, referred to herein
as difdéct interpolation, will now be described. In the encoder the 1 0 MAY
2006

A disadvantage of TML5 is that the decoder is computationally complex.

This resuits from the fact that TMLS uses an approach in which interpolation

of % resolution sub-pixel values depends upon the interpolation of %
resolution sub-pixel values. This means that in order to interpolate the

20 values of the % resolution sub-pixels, the values of the % resolution sub-
pixels from which they are determined must be calculated first. Furthermore,

since the values of some of the % resolution sub-pixels depend upon the
interpolated values obtained for other % resolution sub-pixels, truncation of

the % resolution sub-pixel values has a deleterious effect on the precision of

25 some of the % resolution sub-pixel values. Specifically, the % resolution
sub-pixel values are less precise than they would be if calculated from
values that had not been truncated and clipped. Another disadvantage of
TMLS is that it is necessary to store the values of the % resolution sub-
pixels in order to interpolate the % resolution sub-pixel values. Therefore,

30 excess memory is required to store a result which is not ultimately required.

The sub-pixel value interpolation scheme according to TMLS, referred to

herein as direct interpolation, will now be described. In the encoder the




20 interpolation nethod according to TM.6 works |i ke the previ gttgth 2006
described TMS5 interpolation nethod, except that maxi num preciSi prs
retained throughout. This is achieved by using internedi ate values which
are neither rounded nor clipped. A step-by-step description of

i nterpol ation method 5 according to TM20 as applied in the encoder is given
below with reference to Figures 13a, 13b and 13c. 1. The value for the
sub- pi xel atMefRCIAtGAI Method acaerding 46 M6 worlks likesthe presivatlyodesdribet! i s 1/ 2

| ut | 1 in Ei i's_aqbtained by first 10 cal cul ati
o Tnt er moay ML iBlookadh, RAGE, BiBent it tliindmebraaisiar S crtanedt as b
based upon tHieugtauleThisfis tRicteiDyelising MtefRodi@le VI LRSH Setheifi@y ot uni t

hori zontal |ocations and unit verfical™locations symetrically ~—about b, as
shown in- Fi undedsnor glippadii Agstep-hstepodesdription=of Mterpdihdnt mélhdd + 20A4
- 5A5 + A6) . £ 0,0 Lue of. h.ig, then calculated as b_ = (b 15 + 16) /

32 and i5? cﬁ’?%%@'g&ttga]wgglaﬁ ‘?%‘98649399[%'90@@[ vfjgw%gsl@r%w@h refrreneder at or /

denot es di Vipigred £33, iRt {m- 2. Values for the 1/2 resolution
sub-pi xels labélled c are obtained by first calculating internedi ate

values c. Referring to Figure 13c, an 20 internediate value c for the Y2

resol ution fug i xel cf | ogated, at ynit F]ori_zont al and half vertijcal

| ocation is'c P§u %Pgd %a&’@d SHpdIrg!hat haff,usit forizentad and it warticab A
situated in a i jsugi i ; i3t n ' . cal

| ocati ons syrr'r?gztg pg@gfwlafyasa)g53?61(31,%:3%2%-3}3{&%gqgtg.@ﬁé 13? b%néﬁl éﬁ@&ig)}(%‘;’?- 5A2 +
20A3 +100A, - ca@pglatinguan Tintermediste vedlue bassindiea %2 3ap efiRirutTiHeN fikwp- pi xel ¢
| ocat ed at un'itil hPEti zgﬁt al cand k%l?f vertical location is then calculated
according to % cgLes, gyed ugont H?!”&FI%W‘%ﬁ pixelt drnddiassuatadia & for the
Y2 resol uti onpowilat nhitqiorﬁo@fa(l E@éa{tiog.gféﬁﬁ%gbegﬁ:%g%%&i@n%gg&]ﬁ%\gféz cation is

cal cul ated according to c 2 A final

val ue for t hiabogt b, @sshewnrdn gurep! 3islaccerdimeto @ fomhotal ¢l aspgrdi ng to
enotes . division with truncation

2) |/ . ingcdh /
nd the val ueORst U f Sftsro Aok 3 HBLBlal el o s inan eluidtedhas b o hor
clippetsto lig i6) 182 damniecigpedto tib- inltheOraMfe @028.1). As before, the

operator/ denotes division with truncation.

2. Values for the 1% resolution sub-pixels labelied ¢ are obtained by first
calculating intermediate values c¢. Referring to Figure 13¢, an

20 intermediate value c¢ for the % resolution sub-pixel ¢ located at unit
horizontal and half vertical location is calculated based upon-the values

of the 6 pixels (A, to A} situated in a column at unit horizontal locations

and unit veriical locations symmetrically about ¢, according to the

formula ¢ = (A, - 5A, + 20A, + 20A, - 5A_ + A)). The final value for the %

25 resolution sub-pixel ¢ located at unit horizontal and half vertical location
is. then calculated according to ¢ = (¢ + 16) / 32. Similarly, an
intermediate value ¢ for the ¥ resolution sub-pixel ¢ at half horizontal

and half vertical location is calculated according to ¢ = (b, - 5b, + 20b, +

20D, - 5b; + by). A final value for this % resolution sub-pixel is then

30 calculated according to (¢ + 512) / 1024. Again, the operator / denotes
division with truncation and the values calculated for % resolution sub-

pixels ¢ are further clipped to lie in the range [0, 2-1].




21 3. Values for the 1/4 resolution sub-pixels labelled d are gfhéylgtgd
as follows. Values for '/ resolution sub-pixels d |ocated at q% i
hori zontal and unit vertical |ocations, are calculated fromthe value of

t he i medi atel y nei ghbouring pixel at unit horizontal and unit 5 verti cal

| ocation (pixel A and the internedi at2ivalue b calculated in step (1) for
the i nmmedi atel y nei ghbouring 'h resolution sub-pixel at half horizontal

and unit veB: values denthe s (eoksisnl sub-pixslyhabered dire cAGRARBINGt0 d =
(32A + b + 32 Val ues for'/ resolution sub- pixels g Ioctg'tde Sat

64.
quarter horiz {OAIVS-aN@ Was ffoy et resplution asubpixelard loeated eatpqLiatted usi ng
t he i nternedi e cal cul.at far the imedi ately nei ghbouring '/2
resol ution su@bﬁlzégk#_%%f@th ‘%aggjcaﬁpﬂshére i‘éﬂﬁl&at%ﬁ%ﬁalthg value caIg
hocording o O thenBimeaiigly, ARRubring Hikdi 8, uil” BoteaRe ARd dinib ot os
di vi si 0§ Wi t hvertiont fa i e , Lui i
slu\t;I [S): gel \Mval ‘ljes d arceeﬂ igr?%é%lh?)oéﬁ?gh?ﬁhtwlgtr%gglfg{ b%?@“f’g{éfo n\/al ues

for the 1/ restepu(lpforstite ﬁrnmcﬁatapeidigqb@@,@ew?émtﬁ;negugﬁixé,o%om.
onta

Val ues for '/ rfs}fl yution sub-pixels e |ocated™at unit horiz and
quarter vert i kalf herzantahand: enit Mestical lecatiowr(y4 hesalatiore sab-pike! b),

i medi ately ngj ' ixel, at, unif. harizontal and unit vertical

| ocation (pi X@&%ﬁﬁt& B2 BeAF dadh Qé)e/ 4. Yalues or i sesalutionssdy (2) for
t he i medi at gh; i IbRARG! Ut sub-pt xel..at unit horizontal
and hal f verﬁ?%g ?ocat | gnﬁ‘ﬁ%ér'ﬁﬁﬁwﬂggaﬁ?ﬁh@@ﬁﬁwawﬁ B Val ues
for '/10resolinterpolatel- psixeg she i ' hor | arter
vertical |ocati oﬁs_ are caBIr?UI at ecriﬁ??gigﬁgéé %P%rsrrgipé@em@lgpﬁz&b tﬂgal cul at ed
in step (1) fisymediatelmrelgbhairingn gsoutionnsib-phete!ciwhich $iabat. Bhite! at
hal f hori zontal . ang unit, vertic Iﬁﬁqu(}:ati_ow and the internediate value c
cal cul ated i MG lzﬁnﬂo%a{fh\ée’% eauory and dralbiorizontdi2af@ halfol ution

sub- pi xel at . ' . hal f_vertical l,ocgtjon, according to e =
(390 e 421 fRticaBBARERS Res AN, adiditind o 40 Lhkéy b e 1024) )
2048. Again operator / indicates division with truncation and the
15 finally obtained % resolution sub-pixel values d are clipped to fie in
the range [0, 2"-1].

4. Values for the % resolution sub-pixels labelled e are calculated as
follows. Values for % resolution sub-pixels e located at unit horizontal

20 | and quarter vertical locations are calculated from the value of the
immediately neighbouring pixel at unit horizontal and unit vertical
location (pixel A) and the intermediate value ¢ calculated in step (2)

for the immediately neighbouring 1% resolution sub-pixel at unit
horizontal and half vertical location, according to e = (82A + ¢+ 32) /

25 64. Values for % resolution sub-pixels e located at half horizontal and
quarter vertical locations are calculated from the intermediate value b
calculated in step (1) for the immediately neighbouring ¥ resolution sub-

pixel at half horizontal and unit vertical location and the intermediate

' value ¢ calculated in step (2} for the immediately neighbouring 12
30 - resolution sub-pixel at half horizontal and half vertical location,
according to e = (32b + ¢ + 1024) / 2048. Once more, operator /




22 indicates division with truncation and the finally obtaine &/@M 006
resol ution sub-pixel values e are clipped to lie in the range [0 -12].
Val ues for %resol ution sub-pixels |labelled g are conputed using the 5
val ue of the nearest original pixel A and the internedi ate values of the

t hree nearest nei ghbouring 1/2 resol utd®»dn sub-pi xels, according to g = (1
024A + 32b + 32c, + c2+ 2048) / 4096. As before, operator / indicates

di vi si on wi t hindicaiest idivisiord with frumalatipno irad Nt fmﬁaly 405@%&@“ n sub-
pi xel val ues are clipped to lie in the range [O, . The val ue
for 1/4 resol EQSQJH“%”I&J rigel yalugsiengis plippmedetd Ile;anahemrggmg) tzﬁev] val ues of
the 4 cI osest pixels at unit horizontal and vertical |ocations, according
tof = (Al + A2 + A3+ A4 + 2) | 4, where the |ocations of pixels Al, A2,

A3 and A4 ¥ evhliest foyry W@%I%ﬁbn%r ubgiRas Iﬁbgﬁécg gp%r% kgn@h?ecfi%ﬁa he o n

sub- pi xel val ues can be obtained directl rap
hori zonfal angluerdfitbelnedrestarigimed .pinad A Iaﬁdqneantérmbﬂfa@ Wardddsxéf the

resol ution, Stﬁfer“ g? to Fi ﬁure 13? the filter coefficients applied to
pi xel s and tpeighbeuring #4 ¢esolutionsubrpixgls. pocomiingsio @= 0, 01

for a set. of | 2 0 ] Si X

sub- pi xel s d, ﬁbé4ﬂ_¥l<8b54+0§’2§0+ -3305% ﬁ%ﬂgg %s ?g or& éé){?kgrf ﬁé:c%el b, and
[1, -5, 20, E:ﬁvts:dfs: with thuncatios etndothesfinalfubbiine] $or % rdsGiagon! dulsr
coefficients are applied to respective sets of pixels or sub- pixels in the

same row as theb‘lﬂJuQS@ar&/Q’lW@ﬂ todieri thentangeoj0ai?dd]. 25 After applying the
filters,in the horizontal and vertical directions, interpolated value c is
normal t'zed according to ¢ = (¢ + 2048) / 4096 and clipped to lie in the

range (0. 8 o vAlIBNoR 1S ORIYAC B DR s SRRSO erBliFE wBS! L O

in either the horizontal or vertic I rec ents are
used. In a mahuas ofithe RpCIeaesttmxeleratO!ﬂnlﬂ'Ikbﬁzoﬂaf hﬁﬂeﬁémbélabéﬁﬁﬁnsare used

in the 30 softwar ptlms d for the different sub-pixel cases-so
that there ﬁ'@n&?ﬂ frr@ -’l‘bt% *b‘g%zfe?)d 4.ouheredthedeeationsoofpixels 006 23

A1, Az, Az and A, are the four nearest original pixels.
15
In the decoder, sub-pixel values can be obtained directly by applying 6-tap
filters in horizontal and vertical directions. In the case of % sub-pixel
resolution, referring to Figure 13a, the filter coefficients applied to pixels and
, sub-pixels at unit vertical location are [0, 0, 64, 0, 0, 0] for a set of six pixels
20 A, [1,-5, 52, 20, -5, 1} for a set of six sub-pixels d, [2, -10, 40, 40, -10, 2] for
a set of six sub-pixels b, and [1, -5, 20, 52, -5, 1] for a set of six sub-pixels
d. These filter coefficients are applied to respective sets of pixels or sub-
pixels in the same row as the sub-pixel values being interpolated.

___‘25 After applying the filters in the horizontal and vertical directions, interpolated
value ¢ is normalized according to ¢ = (¢ + 2048) / 4096 and clipped to lie in -
the range [0, 2"-1]. When a motion vector points to an integer pixel position
in either the horizontal or vertical direction, many zero coefficients are used.
In a practical implementation of TMLS, different branches are used in the

30 software which are optimised for the different sub-pixel cases so that there
are no multiplications by zero coefficients.




It should be noted that in TM.6, ~' A resolution sub-pixel val ugiqﬁ( 29%5
obtained directly using the internediate values referred to ‘a are
not derived fromrounded and clipped val ues for Y2 resol ution sub-pixels.
Therefore, in obtaining the 'A resolution sub-pixel values, it is not
necessary to calculate 5 final values #8r any of the % resol ution

sub- pi xel s. tficall It i ot . necessary to carry out the truncation
and cli ppi n'g‘%%@ﬁab? Tited s in IMIE. Hiresolutien sub-pined vabresodref dbtainedal ues
for the M digsstlyWiding tise Rteh¥&d; ' | I t,necessary to have stored
final val ues foﬂYZﬂgr]esoPEtion @Sb‘f%;?égfége#rgq t{ajggoyﬁ ang ecré‘?td{}ﬁ”é(??ion of
the ' /o reslépmtiosndedian ghppedavaless idiher risolirionMub-pikesO THRIBIALH onal 1y

| ess conpl e a M5, as,fewer truncating and clipping operations are
required. MG‘A’PQ -'r'be i epiution-gb-pielrnalges sit i et hegessagy ée icaleatate

arithnesi ¢ fiffal N2l | fpat e d.in the decoder. High
preci si on interpol aétr @ngﬁgggiﬁgsﬁﬁﬁéﬁ@ﬁ?{ 8gﬁ'p§feésa gﬂeﬂg?@g"dﬁdﬁ r"g uires
nor e conputiEcessary to samg d@RUbe fruntdtinaAE. cli e i p{ect 15
i nt erpol ati oﬂbﬁ‘s’gn%‘eci I,i ed in TM.6 in gn on-%@@?d%%?gﬁﬁéiw%ﬁcfgh
menory reqdy! calcHiptian of final values fasithe fa cesnlytigrasuti-pixeds. INeither estbedded
devi ces. | i ﬁf(}?a %Jﬁl nt di scussion,. it should be

appr eci at edm l;{éhcggsaéfo ue‘%'[%%{ e (ﬁi f‘@@&%ﬁ?f %’g(ﬁﬂ)ﬁ'@ﬂ@ -Rjxelsrfer useiBb encoder
and decodetthenicalculativr of tthesubresiotstion BUB!IR AdIRSs. TRERForRXTRILS R

si gni fgant devel o a nmet hod of sub-pixel val ue

I . ;

i nt er poY at FBﬁ"rpg'g?)tgfnlalygd?sﬁ)FB@'PEXE&EI"SWL&‘ astfewgr pantatimpacd ¢lipplnet h t he
d it f th .test nodel

CTis. | TSP e ardl WARKE Hidwevd” o Wiaclantags o TME it ttet Bigh hat i s

opt i num f opregigion ewithroetic is requinee botitiarthe Kheode S8 #ethe ,_yH@f] the ded
S proviade

| nvention 3&19%35 r.d@g tP a first aspect 6f the invention there
met hod of 'ﬁdf‘ ARUPR, TOAYERS fRerenglicon witiea Hn oASIGs gmndc cequitesi g
pi xel s ar r aREe Computhtuss I resented by val ues having a
speci fj ed dynami c. ﬂ# ange, ﬁ?_ﬁgﬁ%i ggﬂ%'i n 'H?Z'P‘Pg '"WZ%'PS%‘%’O% oﬁﬁ'ﬁd
hor i zok¥ al intespatationsasspeciied A 286 Rvan on-demand fashion has a high

memory requirement. This is an important factor, particularly in embedded
devices.

in view of the previously presented discussion, it should be appreciated that
20 due to the different requirements of the video encoder and decoder with
regard to sub-pixel interpolation, there exists a significant problem in
developing a method of sub-pixel value interpolation capable of providing
satisfactory performance in both the encoder and decoder. Furthermore,
neither of the current test models (TMLS5, TML6) described in the foregoing

25  can provide a solution that is optimum for application in both encoder and
decoder.

Summary of the invention

30 According to a first aspect of the invention there is provided method of
interpolation in video coding in which an image comprising pixels arranged
in rows and columns and represented by values having a specified dynamic

range, the pixels in the rows residing at unit horizontal locations and the




pi xels in the colums residing at unit vertical |ocations, is i %t}gmql Zﬁ%d
to generate values for sub-pixels at fractional horizontal and?*v C

| ocations, the fractional horizontal and vertical |ocations being defined
according to 1/2', where x is a positive integer having a nmaxi num val ue N,
the nethod 5 conprising: a) when valueg for sub-pixels at 1/2"-' unit

hori zontal and unit vertical |ocations, and unit horizontal and 1/2""1

unit verti clixelsoimthe eolumms residingeat, unit ft*eﬁfdé@h@&dtmssqg:lihtggjdﬁ@dd{or ectly
unit horizontal dnd uni

i ng wei ght.ed ns pf pixels residing at
vertical Potiealitalies for Susnils Ghliastanat haripentsl sndwetical igbatioi,
hor i t al ' ' . ti. f ired, int | at i
Cuch. val test o mactidhal iifizbnkd{qrid BertichP FRuiSHS il WRlbnd cssosingdbuce f o
sub- pi xel s, 1/28siiénegx & algditive lmlt’égerhﬁ}i\}iﬁngtrﬁéxi vallld N/ Ghé irﬁgthﬂbocat ons
sub- pi ’

and a-sgcond wei ght ed sum of val ues for xel's residrng a t
hori zontPal EMBPH$DY ' unit vertical locations, the first 15 and second

wei ghted s f "V ing cal cul atedw.according to step (a); and c)
when a val @B}@re na%siﬁggpf?’ge%sﬁ'f(ﬁ @ﬁ 12% a Upjtohotigontalh apdzunit Mertioad 1/ 2"
uni t- verti detationggiandruriShoRgoHtaleshd i pher i e by taking a
wei ght ed average of the value of a f:“;gst @ﬁ’ba%f")%gll rﬁggﬁ%@éfé g?q"ueé[dfed at a

1/ 2" 20 UREIPoIBling suevalues dinztly using weightéd samd ocpixeRNreaRfing g val ue

of a seconq.: ~nixel ar pixel located at a 112" unit horizontal and 1/2"i

unit verti g'a'ﬁ%gggihﬁgrqa L{/rglr‘fejh?aéioﬁt'oﬁ?; p and g taking integer values in

the rab@e b)iwhen valuedfs Relsf4trgpN-and: $es el r pixels are
e b)whe v - biels!atr 9 20k pBA2AAPRa V2™ B lefichf

| ocated diagonally wth respect to the su at 1 zont al
and 112" vd9Gations are seqvicad, imterpalating sithyvalués divecthndsingseeRdde Wi ght are

of e wei gh v aanEs TR SBATloR ubreidaapskiid ab TR T horzomal
SLBorel BT el Koabnsshiacoliy vRgaRd S HleBlofiif o
situation RREFresidingiatynibhanzomakandi2tlioniti vestical riopations, ahe first
i}’?ﬂmtfﬂ cabhy sbe6AY RLigHtLd sLARPSIVanid: 6(%% 'cgicﬁﬁgcti afc<r:8r ingt; Poestselgj)b(h ;i xel at
and
c) when a value for a sub-pixel situated at a 1/2" unit horizontal and 1/2"
unit vertical location is required, interpolating such a value by taking a
weighted average of the value of a first sub-pixel or pixel situated at a 1/2N™
20  unit horizontal and 1/2"" unit vertical location and the value of a second
sub-pixel or pixel located at a 1/2"® unit horizantal and 1/2"9 unit vertical
location, variables m, n, p and q taking integer values in the range 1 fo N
such that the first and second sub-pixels or pixels are located diagonally
with respect to the sub-pixel at 1/2" unit horizontal and 1/2 vertical location.
25
‘Preferably a first and a second weight are used in the weighted average
referred to in (c), the relative magnitudes of the weights being inversely
proportional to the (straight-line diagonal) proximity of the first and the
second sub-pixel or pixel to the sub-pixel at 1/2™ unit horizontal and 172N
30 vertical focation.

In a situation where the first and the second sub-pixel or pixel are

symmetrically located with respect to (equidistant from) the sub-pixel at 1/2"




1 0 MAY 2006 25 unit horizontal and 1/2" vertical location, the #ifg{ARPa08
second wei ghts may have equal values. The first weighted sum of.val ues for
sub-pi xels residing at 1/2"-' unit 5 horizontal and unit verti cal

| ocations in step b) may be used when a sub- pixel at 1/2N-1 unit
horizontal and 1/2" unit vertical |ocapkon is required. The second wei ghted
sum of val ues for sub-pixels residing at unit horizontal and 1/2'" unit

vertical | ocaltirenzohtat shaPi/bY veRIEaP focaisH Mbeﬂrs‘i‘aﬁﬁbs‘é’écﬁf&' Wﬁfggﬁé%a}/ 2" unit

horizontal and 1/2"-1 unit vertical location is requife

enbodi ment , havegavalvalees or subpi xel s at 1/2" unit horizontal and unit
vertical locations, and 1/2" horizontal and 1/2"'1 vertical |ocations are
requi red, such values are interpolated by taking the average of the val ues

of 15 a fir Fhe plieselwalghtebsgin} o Jaeed iYas ! tesiind O%2 Y i
corresponding to thatgof_ t he sub-pi xe?grb%}jrqg[)%g%c{ﬁ%gq'@é %‘né/{?ﬂi ymt

hori zontal he@antdrantuni vgdﬁxahdbcaptionelinmteplm-mh%@e ussa bk subverti cal

| ocation cor.r i-ng to that of th sub- pi xel being cal cul ated and 1/2"'
unit hori zoﬂ'f(gllsﬁﬁgggt 86‘L8°%°W'e@ﬂ‘i/&fﬂé§%¥ﬂﬂf§ﬂﬂcfiﬁtm i§ requitad.t hori zont al
and 1/2" unit vertical locations, and 1/2"'" wunit horizontal and 1/2" unit
vertical locations are required, they my be interpolated by taking the

average of Theeseeonbweightes $umsf values! fopsub-piskel® residing @ Aink thozoRtal
t he sub- "pi xel being

hori zontal |o nan _corresponding to that o

cal cul at ed %{Wﬁ? i t“f\ﬁe"ﬁfﬁ"iaiﬁoqaé'egﬁi%ﬁtm Maydpusedwhen asubpixebat pi xel

| ocat edpat f2™anit Hefkaital S5y ' {. f the sub-pixel
bei ng calculated and 1/2"-1 u’rﬁut %{ﬁgﬁqﬁ)@g’ﬂ%ﬁé%‘?cﬁes for sub-pixels
at 1/2" unit horizontal and 1/2" unit vertical |ocations nay be

Bt B T R R R N A A
Val ues Tor ‘Bub oy b oo ons) ghd, 12, ol el dreP/ e S 1ot B
| ocati ons regyirash sueh ¥alyes are intespalatied iy takingathe raveeagd of/itleuetud ofa
sub-pi gl 1:963f §iet or sub-pixel located at a vertical location corresponding to that of

the sub-pixel being calculated and unit horizontal location and a second

pixel or sub-pixel located at a vertical location corresponding to that of the

sub-pixel being calculated and 1/2"" unit horizontal location.

20  When values for sub-pixels at unit horizontal and 1/2™ unit vertical locations,

' and 1/2"" unit horizontat and 1/2" unit vertical locations are required, they

may be interpolated by taking the average of the values of a first pixel or

| sub-pixel located at a horizontal location corresponding to that of the sub-

pixel being calculated and unit vertical location and a second pixel or sub-

25  pixel located at a horizontal location corresponding to that of the sub-pixel
being calculated and 172" unit vertical location.

Values for sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations
may be interpolated by taking the average of values of a pixel located at a
30 unit horizontal and unit vertical location, and a sub-pixel located at a 1/2M*

unit horizontal and 1/2™! unit vertical location.




at a 1/2"-'" unit horizontal and unit vertical |ocation, and a sub-pixX d@
located at a unit horizontal and 1/2""' unit vertical |ocatioh.l SUWaE S
for half of the sub-pixels at 1/2" unit horizontal and 1/2" unit verti cal
| ocations may be interpolated by taking the average of a first pair of
values of a sub-pixel located at a 1/3g unit horizontal and unit vertical
| ocation, and a sub-pixel |ocated at a unit horizontal and 1/2" ' unit

vertical | ovgmbgrfoa.gug.rpjélxé;%agﬁpzhf @hit hBﬁZ&ﬁtQFE\pgalll Nmﬁﬁ%ﬁ‘%ﬂ@ (%iﬁ_(el s at

1/2" unit horizontal an unit vertical "I"o6cari ons 'Baﬁat ed by
taki ng t he mayrbgyintempolated dydakingahe average o vahiesaoti xab-pirsias@dedt a uni t

hori zontal gnd #gi-{ vxfrti.cal Iogatlon, .and a sub-pi xel |ocated at a 1/2"-'
uni t hori zdfh%VandUdlf Borizonfal and ybjtvestigal llegationo &nd 18 svitpixal located

sub- pi xel s gty &ﬁi?f'mflﬁﬁtaf@{d ¥@"w“i%i%ﬁﬁ5§@ t vertical locations are

alternately interpol ate or one such s by taking the average of a

first p&ir of values of a sub-pixel located at a 1/2" unit horizontal and
and a sub-pixel located at a unilg hori zontal and

unit verti,cal |ocatipon
120 uni Valdes Bhalbet thecsubrpielsal Va! usi hargonisl and 2 bbb weitivg! such

sub- pi xel ' f . i r of yalues of i xel
I gc a!to la)c(l at l?gcegﬁﬁsr}ﬁg }Hzégﬂfégﬁ&agbgjd% F\%‘ﬁigﬁj%gﬁgﬁo@a&f Y'g'ﬂ ?pagnq ‘é?? I i(pi xel
| ocat ed at o akb-pixaidotatedratzony2l’ uandhotizantal ane ixni’t/%ﬁicﬁﬁ:loda‘ﬁﬁﬁt ion. 25

The sub-pixels at, 1/.2" unit horizontal and 1/2" upit vertical locations may

be altern@d§ subRixgldreated atip unit forizentahiandi 1/8&1 iupit. vetiealdabationcel s at

1/ 2" upht i I ¥ | jcal | t,1,00S be |ternately
i nter p‘(r)? at Iealg'ﬂi %ﬁgé (g?'?{z}f)énégll%r | reE():ft ?h?;l.gb%@)‘m%%?\}ﬁé@%"@ﬁ@ 3&5{) pi xel s
at 1/2" unitf2™hamitz vertieal oratiddL "areninterpokited A8 télﬂﬁgtth@”fﬁv@frager gy red,

a

such values _nmy, be.interpol gted by taking the average o lurality of
yallas.ot ¢ piyeljega

nearest nePERYSLPRRS Of § peye tesbat.a unitchorizestal émd wiit veripala) and
step b) injgpatieh2bh@% SHB-phler focatdl Wisa YN CLhY horizontal and 1/2%" unit

vertical location.
15
Values for sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations
are alternately interpolated for one such sub-pixel by taking the average of a
first pair of values of a sub-pixel located at a 1/2™" unit horizontal and unit
vertical location, and a sub-pixel located at a unit horizontal and 172" unit
20  vertical location and values and for a neighbouring such sub-pixel by taking
the average of a second pair of values of a pixel located at a unit-horizontal
and unit vertical location, and a sub-pixel located at a 1/2™? unit horizontal
and /2" unit vertical location.

25  The sub-pixels at 1/2" unit horizontal and 1/2" unit vertical focations may be
alternately interpolated in a horizontal direction.

The sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations may be
alternately interpolated in a horizontal direction.

30
When values for some sub-pixels at 1/2" unit horizontal and 1/2" unit
vertical locations are required, such values may be interpolated by taking

the average of a plurality of nearest netghbouring pixels.




usi ng wei ghted sunms may i nvolve the cal cul ation of an internedi %Eggglgﬁgh
for the sub-pi xel values having a dynam c range greater than the" 5'

5 dynam c range. The internedi ate value for a sub-pixel having 1/2N 1
sub- pi xel resolution may be used the cal cul ation of a sub-pixel val ue
havi ng 1/ 2" sub-pixel resolution. 10 Adéording to a second aspect of the

I nvention, there is provided a nethod of interpolation in video coding in
whi ch an image conprising pixels arranged in rows and col unms and

represent ed |4t | p&Gi.fi dynamic range, the pixels in the
rows residi ﬁgyeaét@um toﬂgﬁpgg}]{%gﬁ ﬁgéa‘?)ﬁg‘h@aﬁw rﬁé’b“Bg‘%V%fU?ﬁ qifgstig ol urms
resi di ng atusingtweightedcams o8 irvefe the ¢AEQLRGN ; val ues

- for sub-pixels at fractional %f)r_i zontal and vert?’ggﬁ F@%@?ﬁ%ﬁﬂs&?\lﬂ?%e met hod
conpr i si ng: foRfheysER-Rixa! veduesohaiog apiiynanaic annpelgreater tharothe speaifie@nd uni t
verticals | tnilﬂrllﬁn é\nd unit horizontal and half unit vertical |ocations
are required, I nter%o‘l ating such values directly using weighted suns of

pi xels residing at 20 unit horizontal and unit vertical |ocations; b) when

val ues for sub-pixels at half unit horizontal and half unit vertical
| ocati ons akhe indefmediate valuefosal sub-piyekhaving A2l suti-pizek degolusibngnay wei ght ed

sum of val ub-pi.xel s residing at, hal f unij yhorizontal and unit

verti cal Itbge(s:lé%‘?(g)ﬂge %&l‘la‘gﬁﬁéﬂ 8{13 38@'@? 'H@'UP}%@%1}(Z‘a)S,ubamefzrgselpumen val ues
for sub-pixels at quarter unit horizontal and quarter unit verti cal :
l.-cations are required, interpolating such values by taking the average

of at l@astAcsREdipgite agecandiaspectnfithe siventibndhers isprovidegialethorbst ed at  a

hal f unit Rarj . 3l - it.vertical location, and, a sub-pi xel |ocated at

a unit holr“{a %Qﬁ(ﬂ é‘lt'&la'ﬁ‘g‘ﬁﬁswf’ﬁm\@t '"v‘gﬁlf’hcaé\ ML CPBRTISING %P‘%'@EQIFQPM r of

val ues of in BSwgiandlcolursns afd épreseitct M&l&%hﬁinﬁ@sb’éﬁiﬁeq Sgﬁé&ﬁﬁl 't ounit
n al f uni

l ocation, and a sub-pixel |ocated at a"half unit horrzonta
vertical | &24g.0the pixelsnpviheoows2esidicgadiung horizortal kodatisme ahdothet he

SR phBE e R oo bl o0, g 60 0
repr esEft edehgrataivakmesifer solg-pixekPaCirhéiRMal WBARdMal and vertical locations,
the method comprising: |
a) when values for sub-pixels at half unit horizontal and unit vertical
locations, and unit horizontal and half unit vertical locations are required,
interpolating such values directly using weighted sums of pixels residing at
20 unit horizontal and unit vertical locations;
b) when values for sub-pixels at half unit horizontal and haif unit vertical
locations are required, interpolating such values directly u_sing a weighted
sum of values for sub-pixels residing at half unit horizontal and unit vertica'im%
locations calculated according to step (a); and
25 ¢} when values for sub-pixels at quarter unit horizontal and quarter unit
vertical lscations are required, interpolating such values by taking the
average of at least one pair of a first pair of values of a sub-pixel located at
a half unit horizontal and unit vertical location, and a sub-pixel located at a
unit horizontal and half unit vertical location and a second pair of values of a
30  pixel located at a unit horizontal and unit vertical focation, and a sub-pixel

located at a half unit horizontal and half unit vertical location.




range, the pixels in the rows residing at unit horizontal Ioca?iﬁrﬁma%gg he
5 pixels in the colums residing at unit vertical |ocations, it

interpolated to generate values for sub-pixels at fractional horizontal
and vertical |ocations, the fractional horizontal and vertical |ocations
bei ng defined according to 1/2x where pgis a positive integer having a
maxi mum val ue N, the nethod conprising: 10 a) when val ues for sub-pixels

(L2 UACoRNg 07 irPashestict tNEidin, LREE 2RSaafd Haldodgr! zont !

and 1/2"T" wunit vertical locations are requited, val ues
directly usintgrpmatigm isdvideawodingincehichrars image campriginigt pikeksi &reavigdd and
unit vertical Iocation@" b% V\Qen a value for a sub-pixel at a sub-pixel

hori zontal ShiPYRBPYCRlImMNS 8nd depresanteddausyaluas hgvingquspexitied dyeamisl at i ng

h | i | i Lo fir st wei d.. f. yal f
b el s e, 368 pixefS ROUR oo IeRafl o drif PhaATHAl kB vl 8 N2
sub- pi xe§ bpixels hattwlcatwmﬁmdsidinrgsacgmﬂ veRticH) 8chtina) 7 iMé}ddﬂ’é[t ﬁﬁftb -

(0] at o e

sub-pi xel s located at a horizonta | ocation correspondi ng
sub- pi xel b@eARyathVelestiersubpixpliakiiactnnat horinertdl and vaaichl tosatiors,ght ed

sum may be | |_dli /2" unit horizontal and unit vertical
| ocat i ons aﬁ%b Irﬁgﬁ&ﬁaﬁs'{&%gﬂw%e{g} G Cahwaﬁenﬁ%ﬂg Sefined aaspedig doval ue
for a sub- pifwhere W R a'posiive RfIdef HaviH an VAR i ocati on.
25 The sub-pi xel s used ir?the secgnd wei &?gﬁgé#r#nna@mbée%%ééﬁ%@
residing atOMmMpReNGori zontal and 112"-' unit vertical |ocations and the

1ot HohennbahaE e sufBielst "/EFF il RoBesiipbAndSunineisal ues | or
el o, R, o inacaging ' G Vet BEBLGRL g AL, L5
pair of a finlespolgling sechwalurssdiggctly usibg pieightetcumiedf pixels AsRiing agnit 1 0
MAY 2006 29t horizontal and unit vertical locations;
b) when a value for a sub-pixel at a sub-pixel horizontal and sub-pixei
15  vertical focation is required, interpolating such a value directly using a
choice of a first weighted sum of values for sub-pixels located at a verticai
location corresponding to that of the sub-pixel being calculated and a
second weighted sum of values for sub-pixels located at a horizontal
location corresponding to that of the sub-pixel being calculated.
20
The sub-pixels used in the first weighted sum may be sub-pixels residing at
1/2%" unit horizontal and unit vertical locations and .the first weighted sum
may be used to interpolate a value for a sub-pixel at /2" unit horizontal
and 1/2" unit vertical location.
25
The sub-pixéls used in the second weighted sum may be sub-pixels residing
at unit horizontal and 1/2%" unit vertical locations and the second weighted
sum may be used to interpolate a value for a sub-pixel at 1/2V unit
horizontal and 1/2™" unit vertical location.
30
When values for sub-pixels at 1/2M unit horizontal and 172" unit vertical
locations are required, they may be interpolated by taking the average of at

least one pair of a first pair of values of a sub-pixel located at a 1/2™7 unit




hori zontal and unit vertical |ocation, and a sub-pixel |ocated '
12@ @f[}’@@ﬁ of

hori zontal and 1/2"-' unit vertical |ocation and a second pair
a pixel located at a unit horizontal and unit vertical |ocation, and a
sub-pi xel located at a 1/2" ' unit horizontal and 1/2"-1 unit verti cal

| ocation. 5 In the foregoing, N may be gqual an integer selected froma
list consisting of the values 2, 3, aa 4. Sub-pixels at quarter unit

hori zont al =gt .on e 1. .interpreted as being, 10 sub-pixels having as
their |eft -hgﬁ%sdrtl%ara géﬂgi%ﬁ]r%gg{ﬁ’@ceﬁnatau?HQ'gl’Fﬁii'%’ﬁiﬁgl al gcibiton and
as their riptizdmaldame t umie et i nRl I ' I zont al
| ocation as well|l as sub-pi x"(lal S ha@?ﬁgcggégﬁg?ré(%?@%gag an%ézr!iur‘%‘ss&o‘%ei ghbour

a sub- pi xel Pigel Raptedual @ undlr horizendal drot atit certivadl Iecativhebnd 4 isghtpiteand
ocation. 15 Correspondi ngly,

near est nei r el at unit, hori,z al | ]

sub- pi xel s %Pg%ﬁa%ttaae?bﬁniupﬁmﬂ?f’eg' apgé%oﬂn'é?’%m%' Igeatigrht er pret ed as

bei ng syb-pi xel s having as their upper nearest nei ghbour a pixel at unit
vertical location and as their |ower nearest neighbour a sub- pixel at half
uni t verti daithe deregoing, Blsmagibe equat ah-integet selberedfeoras fidiQiohsidiRgbf near est

nei ghbour % I xel, at half unit vertical |ocation and as theit [ower 20
near est neﬁBﬁ& [}&S)gﬁ:ﬁ@fj ‘gt unit vertical location. The term dynam c
range, refers to the range of val ues which the sub-pixel values and the

wei ghted suns can take. 25 Preferably changing the dynam c range, whether
by ext endi riili-pixels atequarierginit horizaedaidocitivroangtd be imarietedhs Ipietrig Whi ch

et 0n, REKESRBNG 2P Ealeham fissgest REGRBoUT 30wk el nded i nt o a
Cach cor net oy el Scfion dre &% By PR Retest AGIONEBIP RAREENELR and uni i
vertical | deftunihhorzasialrlapaton ae well hedulspixplsl heing as BaechiRe bl ock as
nt er pol at AT RiaeP 7. Byb Porsd 3 o aszbriet doration R ascthe ng ¢ o
t he right-hand nearest neighbour a pixel at unit horizontal location.
15 Correspondingly, sub-pixels at QUarter unit vertical location are to be
- interpreted as being sub-pixels having as their upper nearest neighbour a
pixel at unit vertical location and as their lower nearest neighbour a sub-
pixel at half unit vertical location as well as sub-pixels having as their uﬁper
nearest neighbour a sub-pixel at half unit vertical location and as their lower
20 nearest neighbour a pixel at unit vertical location.

The term dynamic range, refers to the range of values which the sub-pixel
values and the weighted sums can take.

25  Preferably changing the dynamic range, whether by extending it or reducing
~it, means changing the number of bits which are used to represent the
dynamic range.

In an embodiment of the invention, the method is applied to an image that is

30 sub-divided into a number of image blocks. Preferably each image block
comprises four corners, each corner being defined by a pixel located at a
 unit horizontal and unit vertical location. Preferably the method is applied to

each image block as the block becomes available for sub-pixel value




met hod of the invention is perforned once all image bl ocks of an4
have becone avail able for sub-pixel value interpolation. 5 Preféragﬁge@w§
met hod is used in video encoding. Preferably the nmethod is wused in video
decodi ng. In one enbodi mrent of the invention, when used in encoding, the
method is carried out as before-hand Qﬁgerpolatlon I n which val ues for
all sub-pixels at 10 half unit locations and values for all sub-pixels at

dsed in the HerarancHioARyRanfdlSBRAE) Bl seBoiafon snarany er@meﬁ?.ecte'y

used in the determ nation I'ction

coding. I n #metbedafithe mwﬂuom mepedornﬁéte ofieé fmﬂtmégéﬁéélédopﬁﬁ

conbi nati on,of bhefore- ha[] afnd on- demand i nterpol ation

certain proBB?"? HOEe qvay %B'@ or gub-pixebviaupiinterpaiatiares i s cal cul at ed and
stored before being used in the determnation of a prediction franme and
certain other sub-pixel values are calculated only when required during

mot i on (& edPeeflerably thi mepthdd & esedin/videbahdodhg HBRSabsy, t'ﬁg éﬁgCOd' ng,
sub- pi xel s are, onl, %0 i nt erpol ated when thelir" need 1s”in |ca

moti on vect #¥ed ﬁk@é@% RECdiIBga fourth aspect of the invention, there is
provi ded a video coder for coding an image conpri sing plxels arranged in
rows and colums and represented by val ues having a specified dynamc

range, the ini omé smibodhenthef theviaveriond Wnﬂisééf‘inteﬁwduig’}b@'meﬁ% tisons and
the pixels in the colums residing at unit vertical I ons hé vi deo

coder conpr$&Tif Oé'ﬁaﬁrﬁe@rﬁd?%ﬂtefﬁ@létm@dntvmlgbwahmse‘ovalll.wb -fixoels gwb- pi xel s

t f | | t the f | h t al
Shd vorl) oo BA Joctoas vl 1d el sl A quadgranit focafians are o
posi tive i m&gﬂateﬂmmstoaemfm‘ufbelrﬁﬁsul@ééq%eHﬂYtlB@d':Httﬁé%t@ﬁﬁb ﬁ&ﬁ ng

adapted to: |nt§z g@hate val ues for sub-pixels at 1/2 uni orizontal
and unit v tlaczﬂre icémtirame, dyARg umotionopredictive cmhhg./m alterhaties t i cal

oeatons dnnBetiner 8 ooz Gy AR YA o nebischind cos b0
sub- pi xel s and Qm-ﬁemandrlnterpolalzm.nmathisﬁla@bel/az'éetlﬂihtproportlon or category
15 of sub-pixel values is calculated ‘and stored before being used in the
determination of a prediction frame and certain other sub-pixet values are
calculated only when required during motion predictive coding.

Preferably, when the method is used in decoding, sub-pixels are only
- 20 interpolated when their need is indicated by a motion vector.

According to a fourth aspect of the invention, there is provided a video
coder for coding an image comprising pixels arranged in rows and columns
and represented by values having a specified dynamic range, the pixels in
25 the rows residing at unit horizontal locations and the pixels in the columns
residing at unit vertical locations, the video coder comprising an interpolator
adapted to generate values for sub-pixels at fractional horizontal and
vertical locations, the fractional horizontal and vertical locations being
defined according to 1/2", where x is a positive integer having a maximum
30 value N, the interpolator being adapted to:
a) interpolate values for sub-pixels at 1/2™' unit horizontal and unit vertical

locations, and unit horizontal and 1/2%" unit vertical locations directly using




vertical locations directly using a choice of a first weighted sumpfy 2008
values for 5. sub-pixels residing at 1/2' unit horizontal and unit
vertical |ocations and a second wei ghted sum of val ues for sub-pixels
residing at unit horizontal and 1/2"-' unit vertical l|ocations, the first
and second wei ghted suns of values begpg cal culated according to step (a);
and c) interpolate a value for a sub-pixel situated at a 1/2" unit

hor} zont ' WEIhtdd) surdhl &N Ipixele ! ieseitg | AC YO MoRYoheBK ! Aty A B! e aver age

of the value of a first sub-pixel or” pixel situa uni't
hori zont al lggatiaNs2" unit verti cal | ocati on and the value of a second

sub- pi xel of, pixel  located at a 1/2"9 unit horizontal and 1/2' unit
vertical | glyaﬁtéo('ﬂf)'q;%r"ia Se&”rﬁu'aﬁﬂ)'xﬁ'%aﬁﬁ 127 dqitforizentalyand vHRUesnit n t he
range 1 to b S -pixels 15 qr pixels are
| ocat ed di adg]éégl%tfl %&%@Pﬁﬁﬂggﬁ%g%@ ?ﬁ\%&g&Eggﬁ%ﬁ'@%ﬁ%mtﬂﬁiv@%q’ﬁpf zont al
and 1/25 vesub-piaels! resigirigpat 1721t unit drRizoAts arPynit VBRICP Rcativhs aadencoder .

It may conprise a videg decoder. There may be a codec conprising both the
vi deo” encodi®cond wvaighled syny phealues krduib-pietsaesiding abunit hofizdntalsarett of t he

I nvention, {;pere 4 | lcgtions termn conpr,i sing a video
coder for CLdi ngn'gﬁeﬁf%g@%sg%&ﬁjrtﬁgirﬁ%{]ﬁpaéﬁegoﬁgr‘&ﬂgh@%! sums\f valescol urms
and represwr@c@mmﬁimcﬂ&nbwg@ @)s i fied dynam c range, the pixels
in the rows residing at unit “horizontal locations and the pixels in the

col ums r e$) dtgalateum ivalugetariac aub-pixed situates] at het/2l dnil eitontaiemer i si ng an
I nt er pehat qr, t rate .values for, sub-pixels at fractional

hor i zo?ﬁ)al qé%ﬂ“@@%'ﬁgé\’ﬁoﬁg%@itﬂ’oﬁénq Aveightedavsrage ahthe alvaof afiisier ti cal

| ocat i ons lkabaixsladr pigsl SRAMEH P N[ ey Mg ' L k:l.vie 1 nteger
havi ng a maxi In?;xm vaIItﬁ}e N, the i ntgepgol a?t%grh&%el ng %1 agk%aqfrgf:)éé&‘ngNAY 2006

32 a) intogegpatand tieneiue of asesopd seibspiagl dr pikeluotatedoat 2 qrg™lynand uni t

verti cal ' nit harizgontal and 1/2"' unit vertical |ocations
directly uk’ﬁﬁg‘%‘&g%ﬂ?@?@ﬂi "8&' %jwagi%éﬁaaﬁg@sam, dhiR angk AAskingl and
unit verti gaéger viigés Mthe range 1 to N such that the first and second sub-pixels

15 or pixels are located diagonally with respect to the sub-pixel at 1/2" unit
horizontal and 1/2" veriical location.

The video coder may comprise a video encoder. it may comprise a video
. decoder. There may be a codec comprising both the video encoder and the
20 video decoder.

According to a fifth aspect of the invention, there is provided a
communications terminal comprising a video coder for coding an image
comprising pixels arranged in rows and columns and represented by values
25 having a specified dynamic range, the pixels in the rows residing at unit
horizontal locations and the pixels in the columns residing at unit vertical
locations, the video coder comprising an interpolator adapted to generate
values for sub-pixels at fractional horizental and vertical locations, the
fractional horizontal and vertical Iocatiohs being defined according to 1/2,

30 where x is a positive integer having a maximum value N, the interpolator

being adapted to:




5 b) interpol ate values for sub-pixels at 112" unit horizontal .iaqq,“y %'{mﬁ
unit vertical locations directly using a choice of a first weighted sum of

val ues for sub-pixels residing.at 1/2"' unit horizontal and unit vertical
| ocations and a second wei ghted sum of val ues for sub-pixels residing at
unit horizontal and 1/2"' unit verticaiplocations, the first and second

wei ghted suns of values 10 being cal cul ated according to step (a); and c)

i nt er pol at e & intarpalatieovalaes idr- Pitxpixets htared i ' ' al and
1/2" unit vertical |ocation by taking awwei g@@ﬁg&éﬁ%éﬂﬁé@ﬁ%&@@%e of a
first sub- E?%?&P“&ra K8t harizgatal @nsk 1421 ualt vertidal ﬂnnatianetcaﬂecﬂ*w@siwg?' uni t
vertical | | t e _of. .a second sub-pixel or pixel |ocated at
a 1/2" unit %@rﬁggl g%nrﬁ ap?amgél%/ msiding; a@eﬁ‘"{“f chgrizopialt ped, uolr verticals m n,
p and q taklooationsit eger values in the range 1 to N such that the first and

second sub-pixels or pixels are |ocated diagonally with respect to the
sub- pi xe! ab) interpalatet valtes ifarosubipiaisl at/ F2YVanit iofkohRE Hridone 2 Qnkhe

comruni cat i rni,nal conprise a video encoder. It m conpri se a
vi deo decod%%%‘ﬁ%%‘!% @?g’quy Usiig, icheice:of\a fisb weighted sumwpf?/vaumeugnpom vi deo
encoder an Wi . 1 . C ni cations .tern nal
conpri si ngd%‘ﬂﬂgié‘réﬁ’?’rﬁf?@?i ,ﬂfa# % Qgﬁ%@gﬁ?niwg{mﬁc@ﬁ@%wes dnd;a

transnitti repdsindokeightbdesure obvalues fbt 8ak-pixas rexidih i jng to at
| east one of,.Lhe éhi rd and fourth aspec!t;’g of {hé g%\%’ﬁl&?‘?ﬁ?%ﬁ%@éably t he

processor ¢ At r N Verfic Mpﬂﬁntflﬁfiﬁi@ﬂdmﬂtweiggtewbpm ofndidiges t he
recei vijpg %ﬁ@#cg&g’a&ma&ﬁgﬁﬁﬁ%ﬁgé%lQ Aﬁcordl ng to a sixth aspect of the

i nventi on, e IS provi i cations system conprising a

communi cat ig)rinterpolatenal valud far a BeibYSIkE} sit Y IHCRLS net wor k and
t he communi gﬁ;io_ns termnal J 6 I\/ltﬁ{\\l}gZOOSGI 3 od %23%?\8 conrﬂ‘g@{’}é% %{ECY\D
S

conmuni cat i umit vertisglocalian-hy tadeg awvdighterbavarage of dnsvalubesd a firse
comuni cat i & & Iy S W deo cqoder for coding for coding an
i mge corrprsi9 gispr:%ép(lspx@?é' %@f@é\%?&yﬁfg OV\gmgHe"%Qﬂtﬁ{‘rﬂ@d 14Ad weibvedisat ed by
val ues havioaatienspretite value vh adscondsifh- ' ' WG,;{ esiding
at uni E hoi]i zontal | ocat Lﬂons_ and the pi xgltxgﬁ?ﬁb?‘%!aﬁgg umaﬁlsge”é Vﬁn’{
5 orizontal and 1/2™ unit vertical location, variables m, n, p and g taking
integer values in the range 1 to N such that the first.and second sub-pixels
or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.

20 The communications terminal may comprise a video encoder. It may
comprise a video decoder. Preferably, it comprises a video codec
comprising a video encoder and a video decoder.

Preferably the communications terminal comprising a user interface, a

25  processor and at least one of a transmitting block and a receiving block, and
a video coder according to at least one of the third and fourth aspects of the
invention. Preferably the processor controls the operation of the transmitting
block and/or the receiving block and the video coder.

30 According to a sixth aspect of the invention, there is provided a
telecommunications system comprising a communications terminal and a

network, the telecommunications network and the communications terminal -




residing at unit vertical |ocations, the video coder conprising-famaY 2006
interpolator adapted to generate values for sub-pixels at fractional

hori zontal and vertical l|ocations, the fractional horizontal and vertical

| ocations being defined according to 1/21, where x is a positive integer
having a maxi num 10 value N, the interqol ator being adapted to: a)

I nterpol ate val ues for sub-pixels at 1/2" unit horizontal and unit verti cal
| ocati ons, &wth abﬁnétQé@wné%b"m% tfor ' rti.cal |ocations directly
using weighted suns of pixels r eg%ngsgml{ﬁ%{ ‘&%’ﬁﬁf@ﬁgglv'%ﬂcﬁﬂit{e _
vertical | d@asmiied, te [pmmusicgliorst ¢emihale sofrprishidd aPiigelbs 038%,143; uni t

hori zont al ?@ﬂ y 2" u&lit vertical |ocations directl'y using a choice of a
first wei ghPRANGJRT 6P910g antnags conaprising pixels asangichip mwsldd coloirs

hori zontal @R ' ' i d. econd wei ghted sum of val ues
For sub- pi xas "oRlessHRid bY Yol HRNIRT S FRibithe V7T raag ropipan

| ocati ons, theerdws sesiding atagmnhoi¥engd]t6chifHs irlfh P&

cal cul at ed aq%?[ﬁrdi n jtogs'gep (a); and gﬁhii nt e?rgé)fﬁe/léta Hgﬁ;vlglzﬁ'g (1%(5{}'%58

sub- pi xel s{aSAPG @t Hnit yetlical lagationsdhe sidemboderccorpring Bhtintedlaei

| ocati on by LAY i ed_average qf the value of a first = sub-pixel or
pi xel sit ua?%%hgg ?%eg%&%i 9aﬁ8§i g’grﬁ@?ﬁ ptofractipnal Rarizonall andiocat i on
and the valveticdl focaticasd tee! it Pl t [2' unit 25

hori zontal and 1/2" unit verti caifgﬁ%l{)ggn?gﬁe] Ji‘/'?yr;i aegﬁ R%aﬁon% %ﬁ‘n’&gq t aki ng
i nteger val SRihethaegpsdingrigel/2", iwhexe suisha tpositiveliatdgef Havitidda SREARSm

sub- pi S vl RI re. .ocat.ed diagonally with respect to the sub-pixel

at 1/ Zﬁﬁluni\{a?u%gjr iﬁ%ﬁg 0&}%8' tl?"iga @P%%‘QF | ocation. 30 Preferably the

t el econmunia)ghicPpslatey [ ' ' .Qns , system conpri si ng
cbiespaas s o BBl 12 U L VGRRRECT! o

a nobil e communi cati ons term nal "an Wi

bet ween t hdogalignise apd umitnherircintal sarice 142 h athit asetichl Godutions e chig usir%
W reless n bei n I?grmad by g radio link. Preferably the’ne rk
enabl es th niSUaE; S s PElshiresifing, ag oumit herizoatali ahdouhir vertical

comuni cat ijewgiohgs M nal s connected to the network over communications
| i nks between the other communications terninals and the network.
- 15 b) interpolate values for sub-pixels at 1/2"" unit horizontal and 1/2*' unit

vertical locations directly using a choice of a first weighted sum of values for

sub-pixels residing at 1/2"" unit horizontal and unit vertical locations and a

second weighted sum of values for sub-pixels residing at unit horizontal and

1/2"" unit vertical locations, the first and second weighted sums of values
20  being calculated according to step (a); and '

c) interpolate a value for a sub-pixel situated at a 1/2" unit horizontal and
1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2*" unit horizontal and 1/2* unit vertical
location and the value of a second sub-pixel or pixel located at a 1/2** unit

25 horizontal and 1/2"° unit vertical location. variables m, n, p and q taking
integer values in the range 1 to N such that the first and second sub-pixels
or pixels are located diagonally with respect to the sub-pixel at 1/2" unit
horizontal and 1/2" vertical location.

30  Preferably the telecommunications system is a mobile telecommunications
system comprising a mobile communications terminal and a wireless

network, the connection between the mobile communications terminal and




According to a seventh aspect of the invention, there is provi -% RAY §
. . o . . . g Rnail 208
t el econmmuni cati ons system conpri sing a communi cations term nal *and a
network, the tel ecommuni cations network and the conmuni cations term nal
bei ng connected by a conmuni cations |ink over which coded video can be 10

transmtted, the network conprising a kgdeo coder for coding for coding an
| mge conprising pixels arranged in ro and colums and represented by

I havi ; Led ' , the pixels in th i di t
Uni ¢ hor 2ol PRBEE, Do G britEPy 4 FranEoPminmbheshaneover uni i
verti cal Iognab@es,tnbhecahﬁmﬁicﬁp&% @gﬁﬂhéﬁifw éﬁ%\hﬁ@ﬁﬁqg: Ui, R ed to

15 generate values for sub-pixels at fractional I cal
| ocati ons, comewnieatidnsntermnals comexdtedtd theridtwaltk besbbPRTuGiasdel i ned

accordi ng t@" 16?%[ where x is a positive integer having a maxi mum val ue N,
the interplk f ntge tnpgricghonsiesmindlaaed $he nebvdrer sub- pi xel s at
1/2'" ungt horizontal and unit vertical 20 locations, and unit horizontal

and Ile" unit vertical locations directly using weighted suns of pixels

residing atAccortingorozanteteraRdagiitict §ENMhé CRl nt'i&FaiHegési's byovigbgr 0! ate
val ues for sub-pixels at 1/2'" unit horizont a? and 1/2" uni't vertTcal
| ocati ons delesonpuisalions sysient soatprising astommugitations termihavandes for 25

be bi xel 3 o Uit hor i | O ananS donminak a i
2o Seeorlo PelbiebhAmiibiigle P hod i comriuiopiaredermi
hori t al i i . : . ' g

hol Ghtod sLoag cbAcbied by & ceRirifiBarioRt K 808 whith dddedt w888 SRIEY

i nt er pdDat dranspaitied, ther netwsk coinpesingi a videedcaderdod ¢8ding o ch@ingzant al  and

30 1/2" unig vertical .location by taking a weighted average of the value of
a first sd@?ﬂgﬁfﬁﬁfﬂs"&? ?Bﬁé'%? E‘iq L fows ang golumns and represeateddnd 1/ 2"

it ti gal ' i suyh-pixel or.pi xgl
ocat ed at o ues Radhy e BmE Ganbe RFERBR A {Re FokS, oSl AT o
| ocati on, it hotizental lecationarand thekpirgls inntegeolunansiessiding ¢ dmnge 1 to

R G e TN AR ER LA 0
15  generate values for sub-pixels at fractional horizontal and vertical locations,
the fractional horizontal and vertical locations being defined according to
1/2°, where x is a positive integer having a maximum value N, the
interpolator being adapted to:
a) interpolate values for sub-pixels at 1/2*' unit horizontal and unit vertical
20 locations, and unit horizontal and 1/2"* unit vertical locations directly using
“weighted sums of pixels residing at unit horizontal ahd unit 'vem'cal
locations;
b) interpolate values for sub-pixeis at 1/2®' unit horizontal and 1/2™ unit
vertical locations directly using a choice of a first weighted sum of values for
25  sub-pixels residing at 1/2"' unit horizontal and_unit vertical locations and a
second weighted sum of values for sub-pixels residing at unit horizontal and
1/2" unit vertical locations, the first and second weighted sums of values
being calculated according to step (a); and
c) interpolate a value for a sub-pixel situated at a 1/2" unit horizontal and
30  1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2™ unit horizontal and 1/2"" unit vertical

location and the value of a second sub-pixel or pixel located at a 1/2™ unit




horizontal and 1/2" vertical location. 5 According to an eighthja3peat 20f§
the invention there is provided a video coder for coding an inage
conprising pixels arranged in rows and columms and represented by val ues
havi ng a specified dynamic range, the pixels in the rows residing at unit
hori zontal |ocations and the pixels in3fhe colums 10 residing at unit
vertical |ocations, the coder conprising an interpolator adapted to
gener at e vahedoritak asdib/Ri kenit vattidal datationabahanles anf Al pARAd %%ﬁiﬁ&al

| ocati ons, heggerr l ytion of the sup-pixels being determ ned by a ~ positive
i nt eger N, R Pol a6 "apge gt Bdhabthedjrst and spoond subgixeds f or

sub- pi xel s @t pikkis' ar | i e | fical .1 tigns, and
unit horizont gl angrell‘ﬁgatt(?&]g{r’ﬁiq V"e'?t‘?"gfg?eéﬂ(?ggt@‘ﬁﬁg %%F@’E?Fé 3&@@”“ wei ght ed
suns of pi xkdrizontaliamdrig2hvedioatlobtatigrzont al and unit vertical |ocations; b)

interpo%ate a value for a sub-pixel at a sub-pixel horizontal and sub-pi xel
verticalF location is required directly using a choice of a first weighted

sum of 20 far =Nk X 0 ed at .a vertical |ocation,

corres pondi%%oﬁﬁphgt a’?);ét? Qtﬁie" % .Ckioighetj@\’%'%‘aﬁ@ﬁ? 4% dtoviad A yideend

wei ght ed swodef foradadisg harimagecophyali ! i lsZ ation
correspondi ng, to that of tlwggsub- %fﬁ'(fg b%&nﬁ%ﬁeﬁpﬁyg&%%wb%%

i nt er pol at (ﬁ“%nrﬁPr%%‘?mQﬁ’ Dieralurmbavng wospenitied dpndricstange] ¢y pikelslim usi ng
vort cal - 115e LW 18bitRig"at Gk BoRRuhy Beftions 37 e BikelR B ihe coigmat e a
val ue 10r aesiding pt et abrtithPR locations! the'd t 125 HM tical

| ocation. 30 Thg i nt er pol at or on%ay be ftﬁft%dgé?aﬁ%éﬂnéog? dﬁ%@%’éﬁgecond
wei ght ed s@RRPIeS A9 gelterale valirest fafusubipils atefradiiorml ahoniguritalharizont al

d 1/2"- 1 uA4 . ' dt the, d wei ghted t
"t or pol at SoRCRL [EHbStnd RESIURACF e blobiiats Bais deinrrifedy 210 -

unit verti pasitivertegem, wzthYer?bth@r 34ind BAaplagppo!l ator may be further
adapted to or. sub-pi at 1/2" unit horizontal and

1/ 2" unit 9}3?{‘5{??8?&8&%%&- eSSHQ'Ri’Q@ 2] 11/3;1“(21I ;M'bhagzontal and unit vertical
15 locations, and unit horizontal and 1/2™" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;

b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
© 20 values for sub-pixels-located at a vertical location corresponding to that of
the sub-pixel being calculated and a second weighted sum of values for
sub-pixels located at a horizontal location corresponding to that of the sub-

pixel being calculated.

25 The interpolator may be further adapted to form the first weighted sum using
the values of sub-pixels residing at 1/2™! unit horizontal and unit vertical
locations and to use the first weighted sum to interpolate a value for a sub-
pixel at 1/2%" unit horizontal and 1/2" unit vertical location.

30  The interpolator may be further adapted to form the second weighted sum
using the values of sub-pixels residing at unit horizontal 2nd 1/2™" unit
vertical locations and to use the second weighted sum to interpolate a value

for a sub-pixel at 1/2" unit horizontal and 1/2™" unit vertical location.




of at least one pair of a first pair of values of a sub-pixel |og aaton
1/2"-" 5 unit horizontal and unit vertical |ocation, and a sub- p@*i%l%if')‘\ﬁ 208
| ocated at a unit horizontal and 1/2""' unit vertical |ocation and a
second pair of values of a pixel located at a unit horizontal and unit
vertical location, and a sub- pi xel Ioicdgt ed at a 1/2"-'" unit horizontal and
1/2N 1 unit vertical |ocation. 10 According to a ninth aspect of the
invention there is provided a conmunications term nal conprising a video
coder for coding an inage conprising pixels arranged in rows and col ums
and repr eserheGniey | iyl RN v hhe pi xels in
the rows regihdi N9 %?Qigrf:?ftay Egﬂ’ggﬁfﬁ?@%@zﬁ) ﬁgﬁgycg%g \t&rll%ea%ﬁﬁeﬁ PP he

col ums r esatilf2g unit bosizontairand #12" il vertitaldosatiorRebye pikerig BETRVABLAY an

I nt er pol at or %d@ ted to Prgger te values for sub-pixels at fractig_qal

hori zontal Sh gﬂ?'&%lpa & ligh pairifvajuesoefia suh-pirel lecated wh-api/Rel's bei ng

det er m ngd bt} el e : L N (o] ei ng,adapted to: a)
i nt erpol at e val ues for sub-plxels a ' t

ned Gt ﬁoﬂ?én?t‘él Rd! tHif 96kich) {otc%ﬁ% ér‘?cfj% %Iﬂ%@()ﬁ&% 29&&5 d fﬂd’P T
vertical  2orzscdaliants 1/ duniniertical lozatidribnd Hsddetd’ painiof VaRids' 64
| ocations di.rectl Si ng weight ed suns of pixels residing at unit
hori zont al RIX® IQﬁ%’le iURdh) hotizamtal; anek unip vertieak Igsatiancand easue-phel  a
sub- pi xel =i pobit ry - 0| . ical location is
required d??g%ﬁa;#it?g‘!/?g gﬁghﬂﬁghg’? agﬂﬁ(?t?urﬁg?%%lg&é%}mrbf 25 val ues for
sub-pi xel s I ocated at a vertical |ocation corresponding to that of the

sub- pi >ylgl bf%g’g cal culated and a second wei ghted sum of val ues for
sub- pi x¥l s ding 1 2 Hith; @spart |ofc dre oinvesdtiorsihenei iy providest af t he

b- pi xel i . i g, . h f.th
Thvent] on (mangalsh: Fefina SRR BXibSo B 0k BBRE A Ry o
cormmuni cat iconsprisingipixels amahged inalows' dnd Eblaning! @@M&ﬂé&%ﬁ:@wr k and

the conmmuni cations term nal being connected by a communications I1nk over
whi ch coded@YNg8 RE¢itiRd dynamigarangsydhe pixelania the trows residiogratimitat i ons
termnal c hSt ' : . godi an inmage conprj sing pixels
arranged | Wgﬁgfaggoﬁé?ghg%hsoc gﬂegbtie%r in & cORnfis 1eSiding At it vertical’

15  locations, the coder comprising an interpolator adapted to generate values

- for sub-pixels at fractional horizontal and vertical locations, the resoiution of
the sub-pixels being determined by a positive integer N, the interpolator
being adapted to:

a) interpolate values for sub-pixels at 1/2%" unit horizontal and unit vertical
20 locations, and unit horizontal and 1/2™" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;
b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
25 values for sub-pixels located at a vertical location corresponding to that of
the sub-pixel being calculated and a second weighted sum of values for
sub-pixels located at a horizontal location corresponding to that of the sub-
pixel being calculated.

30 According to a tenth aspect of the invention there is provided a
telecommunications system comprising a communications terminal and a
network, the telecommunications network and the communications terminal

being connected by a communications link over which coded video can be




represented by values having a specified dynanic range, the pixe}§ HAYt2086
rows residing at unit horizontal |ocations and the pixels in thé colums 5
residing at unit vertical |ocations, the coder conprising an interpolator
adapted to generate val ues for sub-pixels at fractional horizontal and
vertical locations, the resolution of t3he sub-pixels being determned by a
positive integer N, the interpol ator being adapted to: a) interpolate

val ues for srapsHiittad, Sihat cdmtnuni ' :2.0N upi t:.verti

| ocations, and unit hori z%mtllf“%érf? an/ g%}miﬁ%nlkﬁllneg%pcgl %d\g?a[cél)(g%]sf%
usi ng wei geodiags anrsimsgep corIpssings pikielsy astanged tinhmws erdalcoRinths) aint
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cal cul at®d essiingsatonil vertigdit ledations,othe/ alodes doPprisind)-ah XRleTpdiaert ed at a
hori zontal |qcation corresponding to that of the sub- pixel belng
cal cul at ed. agaptadcln gengrats walues ofps nsub-pixglsc tat ofractional nherircntal ahére i s
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5 values for sub-pixels located at a vertical location corresponding to that of

10
irectly

the sub-pixel being calculated and a second weighted sum of values for
sub-pixels located at a horizontal location corresponding to that of the sub-
pixel being calculated.

20 According to an eleventh aspect of the invention there is provided a
telecommunications system comprising a communications terminal and a
network, the telecommunications network and the communicaﬁons terminal
being connected by a communications link over which coded video can be
transmitted, the network comprising a video coder for coding for coding an

25 image comprising pixels arranged in rows and columns and represented by
values having a specified dynamic range, the pixels in the rows residing at
unit horizontal locations and the pixels in the columns residing at unit
vertical locations, the coder comprising an interpolator adapted to generate
values for sub-pixels at fractional horizontali and vertical locations, the

30 resolution of the sub-pixels being determined by a positive integer N, the
interpolator being adapted to:

a) interpolate values for sub-pixels at 1/2M? unit horizontal and unit vertical

locations, and unit horizontal and 1/2"" unit vertical locations directly using




wei ghted suns of pixels residing at unit horizontal and unit Vegﬁiﬁﬁﬁ 200
| ocations; b) interpolate a value for a sub-pixel at a sub-pixe horlzon§al
and sub-pi xel vertical location is required directly using a choice of a
first weighted sumof 5 values for sub-pixels |located at a vertical

| ocation corresponding to that of the ) b- pi xel being calculated and a
second wei ghted sum of val ues for sub-gixels | ocated at a horizonta

| ocation co ' tst of . & sub- npixel. being calculated. 10 Bri ef
Descri pti onw%fgﬁ?ﬁalé IEI gtsjrgfs dﬁélgn&%sﬁﬁgngpoqrﬁtt ﬁ&"ﬁzﬁs@h%ﬁ HP'I‘I‘“H&W'Pe
descri bed blocatign)f exanple only with reference to the acconpanying

drawi ngs in which: Figure 1 shows a video encoder according to the prior

art; 15 FiBLinderpolate gcvalue fored submixrliat acedh-gixel hodzomtal pnd subgiite!  Fi gur e

3 shows th . . . n,.video encodi ng; .. Fi gur 4a, 4h, and 4c

show st eps%%ﬁgggggét}gar{%ﬁﬁﬁw ‘Eﬂgﬁ&@’ @ﬁg Ialﬁlq%ﬁ antf'l'i%t ‘g?@gg'sdss‘ﬁf‘ O?rot i on

esti mat iSon vaAlues formsutebixeBsiotEtddOat a vorkhs) %&t@h%r&:ﬁo%\%ﬂdqﬁi %}ﬁﬁ\dfce
Ic e

conprising video encodi ng and decodi ng 20 equipnent I'n nmet hod of
the inventithg silypixe! beideatioviated mngua setortonmsighted dem ehwelles faccor di ng

nmbodi ] te i on:. Fi 8 sh id d d
2ccordi ng tibsfkeleBeRel ™ nolifhi i loBdien ofitbShending 184 oiiPesub and 10
have not bgsigeltssity aadulated. such figures should be disregarded; Figure 11

shows a schenatic diagram of a nobile tel econmunications network according
to an enbodi nent of the present invention; Figure 12a shows a notation for

shove 10t ST HeERPIH B e optal L Ton sub-pixel s Figure i2c Shows
interpol ati on of a half resolution sub-pixels; 1 0 MY 2006 39

An embodiment of the invention will now be described by way of example
only with reference to the accompanying drawings in which:
Figure 1 shows a video encoder according to the prior art;

15 Figure 2 shows a video decoder according to the prior art;
Figure 3 shows the types of frames used in video encoding;
Figures 4a, 4b, and 4¢ show steps in block-matching;
Figure 5 illustrates the process of motion estimation to sub-pixel resolution;
Figure 6 shows a terminal device comprising video encoding and decoding

20 equipment in which the method of the invention may be implemented;

Figure 7 shows a video encoder according an embodiment of the present
invention;
Figure 8 shows a video decoder according to an embodiment of the present
invention;

25 Figures 9 and 10 have not been used and any such figures should be
disregarded; N
Figure 11 shows a schematic diagram of a mobile telecommunications
network according to an embodiment of the present invention; |
Figure 12a shows a notation for describing pixel and sub-pixel locations

30 specific to TML5;
Figure 12b shows interpolation of a half resolution sub-pixels;

Figure 12c shows interpolation of a half resojution sub-pixels;




Figure 13a shows a notation for describing pixel and sub-pixel |¢gaiiyn8L06
specific to TML6; Figure 13b shows interpolation of a half resolution

sub- pi xel s; Figure 13c shows interpolation of a half resolution

sub-pi xels; 5 Figure 14 shows a notation for describing pixel and sub-pi xel
| ocations specific to the invention; Bggure 14b shows interpol ation of a
hal f resol uti on sub-pixels according to the invention; Figure 14c shows

i nt er pol at i bigued 1Bahahbws e alotetionnfcs ude sl pies @ndi igh-pixe! 164tidas

i nvention; Fi e ows possi bl e choices of diagonal Interpolation for
sub- pi xel s;SP%%&PéFhfggshom the half resol ution sub-pixel values required

to cal cul at f; ' el . Figure 17a shows the
hal f resol utﬁ?g%&g%% g%)?(vgI'ﬁégﬁjéei&mg#nﬁﬁé%(%d'ét\{&%&iﬂx@!ﬁ? ated in order to
i nt er pol at eFigateutSc Shows|irtetpolatiopssfl alhalp Fesolition 3®-ixks; an i mage bl ock

using the interpolatjon nmethod of TML5, Figure 17b shows the hal f

resol ut Pon gL 14eBNQWs (@ Salalian fers deseribingl pixelaard Sub-pixekfocations

i nt er pol at EVEAROhE" resol ution sub-pixels in an imge bl ock

usi ng the f\srﬁ\églrﬂggﬁat{"?% rretohbd according to the invention; 20 Figures 18a
shows the rftigter $4bfshbaksf intezpolativh @ SHEH Res@liBort Béb—ﬁiﬁlké‘ié deBordiiy fol ated in

order to obtain values for quarter resolution sub-pixels wthin™an inage
bl ock usi ndheveslBnyi xel val ue i nterpol ati on method according to TM.5:

Figure 18b -hal § _r lution sub-pixels that st be 25
cal cul at ed HTQ orh%@gpgﬁggﬁge?%&é% uglafﬁﬁpm?t&n ?'ég'gf’i?ﬁ @ﬁcgr?}ﬂ‘gpn?%el s
wi t hi n10an thedentibnck using the sub-pi xel val ue interpolation nethod
accordi ng tfl% the invention; Figure 19 shows a nunbering schenme for each of

the 15 subJgure|15 ghaws pesablestiomes af sliagonah inlerotationdorsubpixelsd to
andei ght h 100 1 hows TR it Pesdien BBy AR Roulfdderta ot Fon to
be used i notlfer Hakt esphitiahisab-pitel values;
Figure 17a shows the half resolution sub-pixel values that must be
15 calculated in order to interpolate values for quarter resolution sub-pixels in
an image block using the interpolation method of TML5;
Figure 17b shows the half resolution sub-pixel vaiues that must be
calculated in order to interpolate values for quarter resolution sub-pixels in
an image block using the interpolation method according to the invention;
© 20 Figures 18a shows the numbers of half resolution sub-pixels that must be
calculated in order to obtain values for quarter resolution sub-pixels within
an image block using the sub-pixel value interpolation method according to
TMLS;
Figure 18b shows the numbers of half resolution sub-pixels that must be
25 calculated in order to obtain values for quarter resolution sub-pixels within
an image block using the sub-pixel value interpolation method according to
the invention;
Figure 19 shows a numbering scheme for each of the 15 sub-pixel
positions;
30 Figure 20 shows nomenclature used to describe pixels, half resolution sub-
pixels, quarter resolution sub-pixels and eighth resolution sub-pixels
Figure 21a shows the diagonal direction to be used in the interpolation of

each eighth resolution sub-pixel in an embodiment of the invention:




each eighth resol ution sub-pixel in an enbodi nent of the inventLﬁg;ﬁgﬂ(%ung

2006 40 Figure 21b shows the diagonal direction to be used int ’

i nterpol ati on of each eighth resolution sub-pixel in another enbodi nent of

“the invention; and Figure 22 shows nonencl ature used to describe eighth
resol ution sub-pixels 5 within an inagﬁ. Detai |l ed Description Figures 1 to

5, 12a, 12b, 12c, 13a, 13b, and 13c ha been described in the 10

foregoi ng. g epts nal.. devi ce conpri sing video encodi ng
and decodiﬁggt%%ﬂgn%{not%%ﬂ]ecﬂ%ﬂéﬁéggﬁgﬁ'gﬂt'é’db?djst%'e'ﬂaﬁ‘@ interpelipaNice with
the presenteadhvelghtioresdfofion RLBiRE! M. ah iﬁms if rabe .timedia
15 termnal 60 inpl enented acco(r:%i ng to %ﬁi re@%méenﬁﬁtﬁgnﬁ%f The
ternminal cathe regarded as a nmultinmedia transceiver device. It includes

el ements t encode, and mul fiplex nultinmedia data streans for
transni ssi gﬁb#?%g@‘g‘ﬁﬁﬂﬁmp?ag%@ YRAQIGr descibe pighthgeseluting sub-pixels
recei ves deyifAih tand e. decode and di splay received nultinedia content. |TU

20 T reconmendati on H 324 defines the overall operation of the term nal and
refers to other recommendati ons that govern the operation of its various

consti tuentD "%ci Thir@. kind of multinmedia term nal can be used in
real -tinme a‘ﬁ%{ QPFB’ ®ch as conversational videotel ephony, or non
real -time applications such as the retrieval/stream ng of video clips, for

exanple from 25 a nultinmedia content server in the Internet. In the
cont ext of Figureprldodntt 2andeh;s 120 13a; 18boandl 18€ hapeteeinddstibbatn e  H. 324

termm shown in Figure 6 is only one of a nunber of alternative

mul ti i a'PEPIGar | npl enent ati ons suited to application of the inventive

30 nethod. It should al so be noted that a number of alternatives exi st

.relating to the location and inplenmentation of the term nal equipnent. As
i |1 ustrat effigura Bi gresents’ a hlerminal i dedea ¢emprisiag Witded & rice@iRige Gindn

ggm;‘r‘]n;ﬁglt é%@din&%ﬂu‘?ﬂmgﬁt v%ﬂﬂﬂerﬁéyer%et gdgpt]:aicﬁgdogérgtee %nelaggc?r(c)!ggcg ﬁvtitﬁm « sueh
the present invention. More precisely, the figure illustrates a multimedia
15  terminal 60 implemented according to ITU-T recommendation H.324. The
terminal can be regarded as a multimedia 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 muttimedia content. ITU-
20 T recommendation H.324 defines the overall operation of the terminal and
refers to other recommendations that govem the operation of-its various
constituent parts. This kind of multimedia terminal can be used in real-time
applications such as conversational videotelephony, or non real-time
applications such as the retrieval/streaming of video clips, for example from

25 amuitimedia content server in the Internet.

In the context of the present invention, it should be appreciated that the
H.324 terminal shown in Figure 6 is only one of a number of alternative
multimedia terminal implementations suited to application of the inventive
30  method. It should also be noted that a number of alternatives exist relating
to the location and implementation of the terminal equipment. As illustrated
in Figure 6, the muitimedia terminal may be located in communications

equipment connected to a fixed line telephone network such as an analogue




A MAY 2006 41 PSTN (Public Sw tched Tel ephone Network). In thi’fﬂﬁﬁ hﬁ?
multimedia termnal is equipped with a nodem 71, conpliant wiit*h*l ‘?’
reconmendations V.8, V.34 and optionally V.8bis. Alternatively, the

mul ti media term nal nay be connected to an external nodem The nodem 5
enabl es conversion of the nultiplexed gdyjgital data and control signals
produced by the nultinmedia termnal into an anal ogue form suitable for

transm ssi ORSTR(PUblE: BRTidhed TdiepdRs NeRRBHESIT ifis TBAsk! MR LARa! to
e an

recei ve data and control signals in analogue’formfromt to
convert thel®fMiRa dSdiqpuippediamithst acanodemt €an bemgband i withexgd-and 10

rocessed i l.at r the. term .. An H 324 nultjnedia

'Ito er mi nal na}%cgm'ﬁgﬁae&?{rﬁ%l e\anmgﬁi c?fﬁﬁ"\ﬁg)f/ Sfl?éﬁ's' i Altergatively,c dhgect ed

directly t omaltihedib abrrhindEthalyi Bee cOMMEK to %H@k&@ﬁla thdde Tid H{cgﬂ’r ted
e no

Services Digital Network). In this case th em /71 1's replace w th an
| SDN user - riehafilek Gomversiencof the mngltiplexed dipital IJAEAN arekrcontoWaidnalé nt er f ace

b mannt og Wi flubi b Bl BditiRedis Tmigt, ke s AhploguB Joem setabedon Ll o
Wi rel ess caransmhiesibhasverithl PSTN. ﬂofuﬂﬁgﬁ‘%Zﬁleggtﬂggﬁu[tﬁﬁ’éd%qgrrﬁﬁ%rboany

appropriate wireless interface, as represente al'ternativ ck 73 in

Fi gure 6. FEEeiRAataandaontrdzsignals ol analegliea forar fionalthe FSTMCIHg® a radi o
e current 2"d generation GSM nobil e

t [ lJ i t t
et ephone weruan e TRROE gl bt SVRaGk Weatarws ba MPawidpleYed 200 Nobi | ¢
Tel ephoppe %I@éﬁ&d i,a@nlép,ﬁap,qgtg rﬁ@nri&pﬁﬂipbhéﬁ?ihal.”“' timedia term nal s

at is

designed for two-way comrunication, or transm ssion and reception
of video data, it is advantageous to provide both a video encoder and

encoder andra- P nEHTR 187ERGF e 41t be fuhleraaledin SR away ibfned
functi onal itwairt be coanecteddireetyto a digitll9ixed line network, such as an ISDN
(Integrated Services Digital Network). In this case the modem 71 is replaced
15 with an ISDN user-network interface. In Figure 6, this ISDN user-network
interface is represented by alternative block 72.

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

20 modem 71 can be replaced with any appropriate wireless interface, as
represented by-alternative block 73 in Figure 6. 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).

It _sr_lould be noted that in multimedia terminals designed for two-way
communication, 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

30  decoder pair is often implemented as a single combined functional unit,
referred to as a ‘codec’.




0 MAY 2006 42 Because a video encoder according to the inventhan jpggr 2006ms
moti on conpensated vi deo encoding to sub-pixel resolution usihg a specific
i nterpol ati on schene and a particul ar conbi nati on of before-hand and on-
demand sub-pi xel value interpolation, it is generally necessary for a video
5 decoder of a receiving termnal to bgsinplenented in a manner conpatible
with the encoder of the transmtting term nal which fornmed the conpressed

video data Becaaso Faidds oricodensaicording St @ ahi i f@g@&@?}é@%& adverse

effect on the quality of the notion conpensation an

reconst r uct EYMPPEEYEHr yideo. encodingy b csib-HixaP 4esulutionediing terspebic W | |
th reference to Figure 6. The

be descgi e f Ukt detail .. w ere
mul i medh o iR RYPn SHERE a8 paviallassordbnatiamehbeioreriandandoms 15
1 al a8 b k8N Sali 1 ; ) . e devi 1
deﬁgtrnegageneri gal ly b?%llg?ae"rjgﬁllyéé nuﬁg%rggpglag@%gﬁg‘%gégé$&?%t%t Y'aé{);cl.esThe
vi deo edui piRaedes of sefeceiingitbeminaltodeaimplementad Ihea manmsrcdpaiagt ur i ng

vi deo i mag I.tor f.or displaying received video content and opti onal
vi deo pr ocg@g? ﬁ"é@ﬁé@(ﬁ%ﬁ?‘ﬁeQ@P%éms%aw@mwm@rwgi thelgompressedes a 20
m cr ophone,vidéy dateestRin' P4 ' , |l oudspeaker
for reproduci ng recei ved gﬁ'ﬁggnéﬁ’fb’g%mﬁg’“ﬁ@?‘g@%@é&?g%m‘ﬁwa| so
i ncl ude addifiecbron theidqualily of el niptioni tempéheatic emet tfe RLUIRERE 63, My
i nclude a ?g&?lftctﬁfcmd]ald ﬁe‘%ﬁoar d, electronic whiteboard or a Still inage
transcei ver: 1A VIdpQJramies: 25 The video equi pnent 61 is coupled to a
vi deo gpdec 65. The video codec 65 conprises a video encoder and a

correspondi ng video decoder both inplenented according to the invention.
Such an enéog@pcairlrwafidngwmdiamnmsnalewmm@mueedemﬁdmeinf frRyidagail The

2ppr opr 1 at M 3eIPBFE REFRIE 8, ansm soi on~ over & communi cations |1 nk and
decodi ng conpressed vi deo content
The multimedia terminal 60 includes a variety of elements referred to as
15 ‘terminal equipment. This includes video, audio and telematic devices,
denoted generically by reference numbers 61, 62 and 63, respectively. The
video equipment 61 may include, for example, a video camera for capturing
video images, a monitor for displaying received video content and optionai
video processing equipment. The audio equipment 62 typically includes a
20 microphone, for example for capturing' spoken messages, and a
loudspeaker for reproducing received audio content. The audiozequipment
may also include additional audio processing units. The telematic
equipment 63, may include a data terminal, keyboard, electronic whiteboard
or a still image transceiver, such as a fax unit.
25
The vi_dgo equipment 61 is coupled to a video codec 65. The video codec
65 comprises a video encoder and a corresponding video decoder both
implemented according to the invention. Such an encoder and a decoder
will be described in the following. The video codec 65 is responsible for
30 encoding captured video data in an appropriate form for further transmission
‘over a communications link and decoding compressed video content
received from the communications network. In the example illustrated in

Figure 6, the video codec is implemented according to ITU-T




received fromthe communi cations network. In the exanple illustriatay 2000
Figure 6, the video codec is inplenented according to ITU-T A0 MAY 2006 43
reconmendati on H 263, with appropriate nodifications to inplenent the
sub- pi xel val ue interpol ation nethod according to the invention in both the
encoder and the decoder of the video cagqdec. 5 Simlarly, the termnal's
audi o equi pnent is coupled to an audi o codec, denoted in Figure 6 by

ref erence nredosnmesdatiork¢i.268, witheapmopdate hisdifi@itidhe l%oﬂﬁﬁleﬁ%mrthées an
' It converts audio data captured by the termnal's

encoder/ decg{&gr ’{)il ro | ! )
audi o equi pREFPHEhvBlue intarpeatiop 4petbodaccording daitheinvendicer int bath the

comuni cat i | audio 10 data received fromthe
net wor k bacgﬂ?ondté(;@gd?grgﬁﬁ%ﬁ?é@(@fﬁ%@%&%uction, for exanple on the
termnal's | oudspeaker. The output of the audio codec is passed to a del ay
bl ock 67 ggjs compensates for the delays introduced by the video coding
process %n injlaglye Hag tegninaks raustio equipshent isacduplednid ani dediocoodeznt . 15

The system | 4, of ltinedi g termnal .contro]s end-to-
network si g‘?na %@d"ﬁ?gﬁ'lgé §nbg68¢92§9‘$;98 68 E'B?Jﬂec‘ﬂfcie?sq ) Ithéig bl ock
68) to estaio todeccoomplise®dm Bh dticod ; i Lt and a
reZ:ei Vi ng terr:i nal . cThe Si znal | i ngcﬁtgék 688{3%%523@%?%%4 tgr??%bout t he
20 encodi nFaRiredeb¥diine telpinal’s i audie efuipmentr intsnat fomy suldbleder vi ng
termnals : tQ. | ..t he.variqus cqdi ng nodes of the video
encoder . T?\lelc'%ﬂlss 3‘? ?Selﬁwﬁ cdo{'r‘\%’? (ri%? Q@f@@g&g&é{ﬁ Bn'géﬂpr%?@s??fﬁ@g L%‘G"S%@ augig o
encr yptllon.datafreceived dront dgahaetvisrkibikt MR?a%nﬁ@ﬁfiMBLé for f}epr&fudﬁﬁﬁd in data
e multip

transm ssi 3n i s passed from encryption block 69 to t | pl exer!de- 25
mul ti pl exedof P90 the feyminal's taidspeakier. I her eutput sktheratdiorotiee is

Ty hr o 4355488 .00 K 1At Dol 1o s e
equi pment @ afdbqosding! rocess wall #Hes Bnsufed ayAtoRRaiibA Bfeadib -sHd eam
I nf or ITB'[IOI"l(i e%ngoenrtgﬁtr]g the type of data encryption (if any)
15
The system control block 64 of the multimedia terminal controls end-to-
network signalfing using an appropriate control protocol (signatling block 68)
to establish a common mode of operation -between a transmitting and a
receiving terminal. The signalling block 68 exchanges information about the
20 encoding and decoding capabilities of the transmitting and receiving
terminals and can be used to enable the various coding modes of the video
encoder. The system control block 64 also controls the use of data
encryption. Information regarding the type of encryption to be used in data
transmission is passed from encryption block 69 to the multiplexer/de-
25  multiplexer (MUX/DMUX unit) 70.

During data transmission from the multimedia terminal, the MUX/DMUX unit
70 combines encoded and synchronised video and audio streams with data
input from the telematic equipment 63 and possible control data, to form a
30  single bit-stream. Information concerning the type of data encryption (if any)
to be applied to the bit-stream, provided by encryption block 69, is uéed to
select an encryption mode. Correspondingly, when a multiplexed and
possibly encrypted muitimedia bit-stream is being received, MUX/DMUX unit




to be applied to the bit-stream provided by encryption bl ock 6%1%iﬁAW%GB
to select an encryption node. Correspondi ngly, when a multipl exed ‘and
possi bly encrypted nmultinmedia bit-streamis being received, MJX/ DMJUX unit 1
MAY 2006 44 70 is responsible for decrypting the bit-stream dividing it
into its constituent nultinmedia conpopgnts and passi ng those conponents to
the appropriate codec(s) and/or term nal equi pnent for decoding and
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perform ng the. functional steps of the invention. As such, the encoder
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15 functionaliity. | :

If the multimedia terminal 60 is a mobile terminal, that is if it is equipped with

a radio transceiver 73, it will be understood by those skilled in the art that it

may also comprise additional elements. In one embodiment it comprises a

20 user interface having a display and a keyboard, which enables operation of
the multimedia terminal 60 by a user, together with necessary: functional
blocks including a central processing unit, such as a microprocessor, which
controls the blocks responsible for different functions of the multimedia
terminal, a random access memory RAM, a read only memory ROM, and a

25 digital camera. The microprocessor’s operating instructions, that is program
code corresponding to the basic functions of the multimedia terminal 60, is
stored in the read-onily memory ROM and can be executed as required by

the microprocessor, for example under controt of the user. In accordance

with the program code, the microprocessor uses the radio transceiver 73 to

30 form a connection with a mobile communication network, enabling the
muitimedia terminal 60 to transmit information to and receive information

from the mobile communication network over a radio path.




wi th the program code, the m croprocessor uses the radio transce.%] e&@&%zmg
30 forma connection with a nobile communi cati on network, enabl § he
multinedia termnal 60 to transmt information to and receive information
fromthe nobile comunicati on network over a radio path. 0 MM 2006 45 The
m croprocessor nonitors the state of t4g user interface and controls the
digital canera. In response to a user command, the m croprocessor
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15 decoding process with a minimum delay.

Figure 11 is a schematic diagram of a mobile telecommunications network
according to an embodiment of the invention. Multimedia terminals MS are
in communication with base stations BTS by means of a radio link. The
20 base stations BTS are further connected, through a so-called Abis interface,
' to a base station controller BSC, which controls and manages several base
stations.

The entity formed by a number of base stations BTS (typically, by a few
25 tens of base stations) and a single base station controller BSC, controiling
the base stations, is called a base station subsystem BSS. Particularly, the
base station controller BSC manages radio communication channels and
handovers. The base station controller BSC is also connected, through a
so-called A interface, to a mobile services switching centre MSC, which co-
30 ordinates the formation of connections to and from mobile stations. A further
connection is made, through the mobile service switching centre MSC, to
outside the mobile communications network. Outside the mobile

communications network there may further reside other network(s)




so-called Ainterface, to a nobile services swtching centre I\/Bg miclz P
30 ordinates the formation of connections to and from nobile st: tq . R
further connection is nmade, through the nobile service switching centre
M5C, to outside the nobile comrunications network. Qutside the nmobile
comuni cations network there may furthgg reside other network(s) 1 0 MV
2006 46 connected to the nobile comrunications network by gateway(s) GIW

for exarmI.&ﬁ%zé&t@f@hﬂue%{wgh@ﬁwé ﬁ@ﬁ%rﬁ%f@é‘@ﬂgaﬂﬁtnmrf&ﬁ)gm . In

such an external network, or w e telecomuni t here
may be | ocapadnpledbe ldirndi agaoPuliitccSditoied Tatephone NetworayPE&TNuUters 5 PC.
In an enbodi he inveetion, the nobil e tel econmuni cati ons network
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either to the Internet or to the PSTN,
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‘Figure 7 shows a video encoder 700 according to an embodiment the
invention. Figure 8 shows a video decoder 800 according to an embodiment

the invention.

20 The encoder 700 comprises an input 701 for receiving a video signal from a
camera or other video source (not shown). It further comprises a DCT
transformer 705, a quantiser 706, an inverse quantiser 709, an inverse DCT
transformer 710, combiners 712 and 716, a before-hand sub-pixel
interpolation block 730, a frame store 740 and an on-demand sub-pixel

25 interpolation block 750, implemented in combination with motion estimation
block 760. The encoder also comprises a motion field coding block 770 and
a motion compensated prediction block 780. Switches 702 and 714 are
operated co-operatively by a control manager 720 to switch the encoder
between an INTRA-mode of video enboding and an INTER-mode of video

30 encoding. The encoder 700 also comprises a multiplexer unit (MUX/DMUX)}
790 to form a single bit-stream from the various types of information

produced by the encoder 700 for further transmission to a remote receiving




a notion conpensated prediction block 780. Switches 702 and 7144ar BAY 2006
operated co-operatively by a control manager 720 to switch the‘encoder

bet ween an | NTRA-node of video encodi ng and an | NTER- node of video 30
encodi ng. The encoder 700 al so conprises a nultiplexer unit (MJX DMJX) 790
to forma single bit-streamfromthe v ious types of information produced
by the encoder 700 for further transmssion to a renote receiving ,1 0 MAY
2006 47 tenedrpigel, arfor examplientisr storagestronayass staagasseditor sgeh aedi um such

as a conp Ry n shgwn). It should be noted that the presence
and i npl en&hﬁ&pﬁ%ﬁ\s&gﬁdr §f‘é?€§*h%%‘§- 5 sub-pi xel interpolation block 730 and
on- demand sub-pi xel value interpolation block 750 in the encoder
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15 the encoder 700.

Operation of the encoder 700 according to the invention will now be
described in detail. in the description, it will be assumed that each frame of
uncompressed video, received from the video source at the input 701, is

20 received and processed on a macroblock-by-macroblock basis, preferably in
raster-scan order. It will further be assumed: that when the encoding of a
new video sequence starts, the first frame of the sequence is encoded in
INTRA-mode. Subsequently, the encoder is programmed to code each
frame in INTER-format, unless one of the following conditions is met: 1) it is

25 judged that the current frame being coded is so dissimilar from the
reference frame used in its prediction that excessive prediction error
information is produced; 2) a predefined INTRA frame repetition interval has
expired; or 3) feedback is received from a receiving terminal indicating a
request for a frame to be coded in INTRA format.

30
The occurrence of condition 1} is detected by monitoring the output of the
combiner 716. The combiner 716 forms a difference between the current

macroblock of the frame being coded and its prediction, produced in the




information is produced; 2) a predefined |INTRA frame repet|t|0n1l@qgqum05
has expired; or 3) feedback is received froma receiving termna
indicating a request for a frane to be coded in INTRA format. 30 The
occurrence of condition 1) is detected by nonitoring the output of the
conbi ner 716. The conbiner 716 forns aagi fference between the current
macr obl ock of the frane being coded and its prediction, produced in the 1 0
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of resolution are alsgo possible. eratio t he enco h I NTRA
codi ng- mod&onexamplay iha (;ggvgpuggdtransmmed frame were badly corupted by

15 interference during its transmission, rendering it impossible to decode at the
receiver. In this situation, the receiver would issue a request for the next
frame to be encoded in INTRA format, thus re-initialising the coding
sequence.

20 It will further be assumed that the encoder and decoder are implemented in
such a way as to allow the determination of .motidh vectors with a spatial
resolution of up to quarter-pixel resolution. As will be seen in the following,
finer levels of resolution are aiso possible.

25  Operation of the encoder 700 in INTRA coding mode will now be described.
In INTRA-mode, the control manager 720 operates the switch 702 to accept
video input from input line 719. The video signal input is received
macroblock by macroblock from input 701 via the input line 719 and each
macroblock of original image pixels is transformed into DCT coefficients by

30 the DCT transformer 705. The DCT coefficients are then passed to the
quantiser 706, where they are quantised using a quantisation parameter
QP. Selection of the quantisation parameter QP is controlled by the control

manager 720 via control line 722. Each DCT transformed and quantised




I n I NTRA-node, the control manager 720 operates the switch 702 1@ gﬁqemgs
video input frominput line 719. The video signal input is recefve

macr obl ock by macrobl ock frominput 701 via the input line 719 and each
macr obl ock of original inmage pixels is transfornmed into DCT coefficients by
30 the DCT transfornmer 705. The DCT coefficients are then passed to the
quanti ser 706, where they are quantised using a quantisation paraneter OP.
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manager 720,V contr ol ne 722. Each DCT transtornmed and quantised 1 O
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quantlser 709 and a pI i ng an inverse DCT transfor

.i nver se- qUaAF? SEHEH eqfﬁe resulting data is then input to the combiner
712. In | NTRA node, switch 714 is set so that the input to the conbiner
712 via the switch 714 is set to zero. In this 15 way, the operation

per f or 6d b%/lctdaﬂydm:bde\:éptcfdr'é is Soreand WAlHRénddicP 700 | mage
data forned u%tgt he .inverse quantiser 709 and the Pn e aéQW§rafr#sjform 710
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| 20 f f 7112
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in sucpsa waiy, the operation performed by the combiner 712 is equivalent to passing
the decoded image data formed by the inverse quantiser 709 and the
inverse DCT transform 710 unaltered.

In embodiments of the invention in which before-hand sub-pixel value
© 20 interpolation is performed, the output from combiner 712 is applied to
before-hand sub-pixel interpolation block 730. The input to the before-hand
sub-pixel value interpolation block 7\:30 takes the form of decoded image
blocks. in the before-hand sub-pixel value interpolation block 730, each
decoded macroblock is subjected to sub-pixel interpolation in such a way
25 that a predetermined sub-set of sub-pixel resolution sub-pixel values is
calculated according to the interpolation method of the invention and is
stored together with the decoded pixel values in frame store 740. |

in embodiments in which before-hand sub-pixe! interpolation is not

30 performed, before-hand sub-pixel interpolation block is not present in the

. encoder architecture and the output from combiner 71 2, comprising
decoded image blocks, is applied directly to frame store 740.




25 that a predetermned sub-set of sub-pixel resolution sub-pixelq paluesz((s
cal cul ated according to the interpolation nmethod of the inventiof and is
stored together with the decoded pixel values in frane store 740. In

enbodi ments in which before-hand sub-pixel interpolation is not 30
perfornmed, before-hand sub-pi xel intergﬁlation bl ock is not present in the
encoder architecture and the output fr conbi ner 712, conprising decoded

[ bl ock ' i,ed di I f t 740. U NMAY 2006 50 As
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"1 he lot 167 oA aleTao o tANSI G8RIAGD, The  bredi otion error
information is DCT transfornmed in block 705 and quantised in block 706 to
forma macrobl ock of DCT transfornmed and quanti sed 20 prediction error

i nf or mat i o@petation whthebhoederdOONCTNTER sbdingenode will nowd destrbeadi cti on
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information (for exanple header dat a, anti1sation
15  716. The combiner 716 forms prediction error information representing the

difference between the current macroblock of the frame being coded and its

prediction, produced in the motion compensated prediction block 780. The

prediction error information is DCT transformed in block 705 and quantised

in block 706 to form a macroblock of DCT transformed and quantised

20 prediction error information. Each macroblock of DCT transformed and

quantised prediction error information is passed from the quantiser 706 to

the MUX/DMUX unit 790. The MUX/DMUX unit 790 combines the prediction

error information 723 with motion coefficients . 724 (described in the

following) and control information (for example header data, quantisation

25  parameter information, error correction data etc.) to form a single bit-stream
~ of coded image information, 725.

Locally decoded prediction error information for the each macroblock of the
INTER coded frame is then formed in the encoder 700 by passing the
30 encoded prediction error information 723 output by the quantiser 706
through the inverse quantiser 709 and applying an inverse DCT transform in
block 710. The resulting locally decoded macroblock of prediction error

information is then input to combiner 712. In INTER-mode, switch 714 is set




25 paraneter information, error correction data etc.) to forma sjipgkgf 2008
bit-stream of coded inmage information, 725. Locally decoded prediction
error information for the each macrobl ock of the |[INTER coded frame is then
formed in the encoder 700 by passing the 30 encoded prediction error

i nformati on 723 output by the quantises;706 through the inverse quantiser
709 and applying an inverse DCT transformin block 710. The resulting

| ocal |y decssleiatmier oivnbirter 0f1 20881 REEREs ThEMEN pkéti:@fe@ﬁda‘&?o dgcﬁshﬁﬁ i nput
to conmbiner 712. In |INTER-node, switch 714 is set 1 MAY 20 so t hat
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above when considering I NTRA coded franes, In ments of the invention
in which before hand sub- pi xel val ue |nterpol atlon Is perforned, the
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decoded .i mage bl ocks. In the before-hand sub-pi xel ation
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enbodi ments in which before-hand sub-pi xel 1 nter at1on s no erformed,
bef or e- handekfsbthe foam of desoded dnage bidakskiri therimfom—bamiisublfp:xéfevam oder
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undergo the previously desc ed codi ng and decodi ng st
is calculated according to the interpolation method of the lnventron and is

15 stored together with the decoded pixel values in frame store 740. In
embodiments in which before-hand sub-pixel interpolation is not performed,
before-hand sub-pixel interpolation block is not present in the encoder
architecture and the output from combiner 712, comprising decoded image
blocks, is applied directly to frame store 740.

20
As subsequent macroblocks of the.video signal are received from the video
source and undergo the previously described coding and decoding steps in
blocks 705, 706, 709, 710, 712, a decoded version of the INTER frame is
built up in the frame store 740. When the last macroblock of the frame has

25 been INTER coded and subsequenily decoded, the frame store 740

" contains a completely decoded frame, available for use as a prediction
reference frame in encoding a subsequently received video frame in INTER
format. In embodiments of the invention in which before-hand sub-pixel
value interpolation is performed, the reference frame held in frame store

30 740 is at least partially interpolated to sub-pixel resolution.

Formation of a prediction for a macroblock of the current frame will now be
described.




bl ocks 705, 706, 709, 710, 712, a decoded version of the INTER f@rgq‘%\{ 006
built up in the frane store 740. Wen the | ast macrobl ock of the franme has
25 been | NTER coded and subsequently decoded, the frane store 740 contains
a conpletely decoded frane, available for use as a prediction reference
frame in encoding a subsequently receiged video frame in INTER format. In
enbodi nents of the invention in which before-hand sub-pixel value
interpolation is perfornmed, the reference frame held in frame store 30 740
is at least partially interpolated to sub-pixel resolution. Formation of a
predi cti on fBY fram@eneeded in INTERJomual requirks anmfeidricenfeambdor drsioni bed. 1
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operation in ordér to identify a region in ich
corresponds substantially with the current macroblock. According to the

i n'a manner PTGt SERIRRAUNG B BoBERAR sirim nlacromonk of e GiERRdramo® and « he.
degree of efermetiasineiibn BbtaktiGiPbloek &R0 Rk MBLGTERHERE b , the
basi ¢ principle behind the block- matching process IS si m?ar I'nall cases.
Speci f i cal Fgceivrs thencursentimacrohlock af dke Teme delig ceddd etk limareRiamg by
cal cul p4 i ngogtbihs" £ Mider’ Mat&fing Gpedation in order to identify a region in the
reference frame which corresponds substantially with the current
macroblock. According to the invention, the block-matching process is
performed to sub-pixel resolution in a manner that depends on the
implementation of the encoder 700 and the degree of before-hand sub-pixel
- 20 interpolation performed. However, the basic principle behind the block-
matching process is similar in all cases. Specifically, motion: estimation
block 760 performs block-matching by calculating difference values (e.g.
sums of absolute differences) representing the difference in pixel values
between the macroblock of the cument frame under examination and
25 candidate best-matching regions of pixels / sub-pixels in the reference
~irame. A difference value is produced for all possible offsets (e.g. quarter- or
one eighth sub-pixel precision x, y displacements) between the macroblock
of the current frame and candidate test region within a predefined search
region of the reference frame and motion estimation block 760 determines
30 the smaliest calculated difference value. The offset between the macroblock
in the current frame and the candidate test region of pixel values / sub-pixel
values in the reference frame that yields the smallest difference value

defines the motion vector for the macroblock in question. In certain




suns of absolute differences) representing the difference in pix Igyﬁﬁuggm
bet ween the macrobl ock of the current franme under exam nation an

candi dat e best-matchi ng regi ons of pixels / sub-pixels in the reference
frame. A difference value is produced for all possible offsets (e.g.
quarter- or one eighth sub-pixel preckgion x, y displacenents) between the
macr obl ock of the current frane and candldate test region within a
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yiel ds the bf(&h éﬁlﬁlj@%ﬁsﬁ%%&e@?&m%g fﬁé@oﬂ'ﬂb motion vector for the
macrobl ock in question. In certain 1 0 MAY 2006 53 enbodi ments of the

i nvention, an initial estimate for the notion vector having unit pixel
preci si on i embadiments of nibe andodérein rvethich ebefoee-haht neiib-piiet| vand

sub- pi xel escri bed | the foregoing. 5 In enbodi nents of the
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bl ock-mat chi ng as a one step process case a m)
t he desi r edequireghilpdhisrasse| mqtron dstimstiopHilock 760 trhay berimpleﬂmmb%o
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performed .in order to refin e the notion or to
sub- pi xel BBlgMRNtEA SO aRstaperérrmrhlockimatchingsas aﬂhm@ép\mcwsscme i n which

bl ocka o W-sRiEbiEbSs is doplEdctts TRl step iy Bomier porerch foet b nce
frame, it $itbot Habhpixep pesotitiinemotioAtvector and the second step is performed
in order to refine the the motion vector to the desired sub-pixel resolution.
As block matching is an exhaustive process, in which blocks of n x m pixels
in the current frame are compared one-by-one with blocks of n x m pixels or
20 sub-pixels in the interpolated reference frame, it should be appreciated that
a sub-pixel calculated in an on-demand fashion by the on-demand pixel
interpolation block 750 Ihay need to be calculated multiple times as
successive difference values are determined. In a video encoder, this
approach is not the most efficient possible in terms of computational
25 complexity / burden.

In embodiments of the encoder which use only before-hand sub-pixel value
interpolation, block-matching may be performed as a one step process, as
all sub-pixe! values of the reference frame required to determine a motion
30 vector with the desired sub-pixel resolution are calculated before-hand in
block 730 and stored in frame store 740. Thus, they are directly available for
use in the block-matching process and can be retrieved as required from

frame store 740 by motion estimation block 760. However, even in the case
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successive difference values are determned. In a video encoder, th| S
approach is not the nost efficient possible in terms of conput ational 25
conplexity / burden. In enbodi nents of 54he encoder which use only
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conmputational 5 conplexity in the encoder, it is not the nost efficient
approach in ternms of nenory consunption. In enbodi nents of the encoder in
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step of the process and the second step may be inplenented so as “to use
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calculated sub-pixel values retrieved from frame store 740 may be used in
the first step of the process and the second step may be implemented so as
to use sub-pixel values calculated by on-demand sub-pixel value
interpolation block 750. In this case, certain sub-pixel valuss used in the
20 second step of the block matching process may need to be calculated
multiple times as successive comparisons are made, but the::number of
| ‘such duplicate calculations is significantly less than if before-hand sub-pixel
value calculation is not used. Furthermore, memory consumption is reduced
with respect to embodiments ‘in which only before-hand sub-pixel value

25 interpolation is used.

‘Once the motion estimation block 760 has produced a motion vector for the
macroblock of the current frame under examination, it outputs the motion
vector to the motion field coding block 770. Motion field coding block 770
30  then approximates the motion vector received from motion estimation block
760 using a motion model. The motion model generally comprises a set of
basis functions. More specifically, the motion field coding block 770

represents the motion vector as a set of coefficient vaiues (known as motion




20 second step of the block matching process may need to be cangg %$d 2006
multiple tinmes as successive conparisons are nade, but then nu r o such
duplicate calculations is significantly less than if before-hand sub-pi xel
val ue calculation is not used. Furthernore, nmenory consunption is reduced
Wi th respect to enbodinments in which ogky before-hand sub-pixel value 25
interpolation is used. Once the notion estimation bIock 760 has produced a
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questiqp are provided fromthe notion estimation block 760 itself. 10 Using
the approxi mate representation of the notion vector generated by notion
field codi Msing dbe apppoximate Wepresestationsofothel redtionaverter elenbhaedas -
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15 predicted pixel values represents a prediction for the pixel values of the
~current macroblock generated from the interpolated reference frame. The
macroblock of predicted pixel values is passed to the combiner 716 where it
is subtracted from the new current frame in order to produce prediction error
information 723 for the macroblock, as described in the foregoing.
20
The motion coefficients 724 formed by motion field coding block are also
passed to the MUX/DMUX unit 790, where they are combined with..
~ prediction error information 723 for the macroblock in question and possible
controf information from control manager 720 to form an encoded video
25  stream 725 for transmission to a receiving terminal.

Operation of a video decoder 800 according to the invention will now be
described. Referring to Figure 8, the decbder 800 comprises a
demuitiplexing unit (MUX/DMUX) 810, which receives the encoded video
30  stream 725 from the encoder 700 and demultipiexes it, an inverse gquantiser
820, an inverse DCT transformer 830, a motion compensated prediction
block 840, a frame store 850, a combiner 860, a control manager 870, an

output 880, before-hand sub-pixel value interpolation block 845 and on-




is subtracted fromthe new current frame in order to produce pr q;ggonmm
error information 723 for the nmacrobl ock, as described in the oi ng

20 The notion coefficients 724 formed by notion field coding block are al so
passed to the MUXIDMJUX unit 790, where they are conbined with,: prediction
error information 723 for the nmacrobl ogk in question and possible control
information fromcontrol manager 720 to forman encoded video 25 stream
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i nterpol ation bl ock 890 associated with the notion conpensated prediction
bl ock 840. In practice the control manager 870 of the decoder 800 and the

control gt 2ot Th S ma
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from the decoder architecture. If both before-hand and on-demand sub-pixel

15 value interpolation are performed, the decoder comprises both blocks 845
and 890.

The control manager 870 controls the operation of the decoder 800 in
response to whether an INTRA or an INTER frame is being decoded. An
20 INTRA/INTER trigger control signal, which causes the decoder to switch
between decoding modes is derived, for example, from picture type
information provided in the header portion of each compressed video frame
received from the encoder. The INTRA / INTER trigger control signal is
passed to control manager 870 via control line 815, together with other
25 video codec control signals demultiplexed from the encoded video stream
725 by the MUX/DMUX unit 810. '

When an INTRA frame is decoded, the encoded video stream 725 is
demultiplexed into INTRA coded macroblocks and control information. No
30 motion vectors are included in the encoded video stream 725 for an INTRA
coded frame. The decoding process is performed macrobiock-by-
macroblock. When the encoded information 723 for a macroblock is

extracted from video stream 725 by MUX/DMUX unit 810, it is passed to




The control manager 870 controls the operation of the decoder 80.? iﬂ, 2006
response to whether an INTRA or an INTER franme is being decoded.: Qn %

I NTRA / INTER trigger control signal, which causes the decoder to switch
bet ween decodi ng nodes is derived, for exanple, frompicture type

I nformati on provided in the header porg*’ on of each conpressed video frane
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i nf or mat i orenoRgedoinfsmationy ciacerdingrte cerireldaiprmatione peowidetkdn Widkm st r eam

725 for anJ deg. f.r he, d i ng_pr i.s performed

macr obl oc k-%@;ﬁﬁaﬁgbl i@% qGﬁeerﬁgt t?é’ag'ﬁg%%eg’@%g@ﬁﬁgt i'%n *narpr@!y

macr obl §ck tighsfeniiaPinting ihverst \DCE fransforaier 630 8ol Y GB&StcdbiboBap, it s
passed to 57 inverse quantiser 820. The control nanager controls Inverse

quant i ser &magetiafaamationaCeoirobmasaper 870 aiontrolsecambines 860t pravend t he

bl ock ' d ion, ' to.. | i '
orovi ded 1 f1V:SEIEREE it gdT bef yFHER e BecdtibS Rt 1e NBRBLRSI  her
i nversel'y nadrabRCR! TRl deBodd® biodk Wf Whafe InfofARP I BAssE ol theviled 2
decoded bl ock of inmage information. Control manager 870 controls conbi ner

860 to prewdiput 8o ofitbeslesader.i nf or mati on being used in the decoding of the
| NTRA ciaded macr obl ock. The decoded bl ock of inmage information is passed
to the Video output 880 of the decoder. 10 In enbodi ments of the decoder

whi ch enpl gy ebsicdivehRNel Sdddocaddr WIRbH @mplby Datsredidmi subpiivaped bl ock
of i mage i nformation gl .e. pixel values) 'produced as a result of the
fd

i nverse quiieiroiation, theadesndads blackaakimage infasmationnd.epepirelr valuesh bl ocks
£20 o1, OB BREe s a0 B AR b BBER oL HSe FRRRLAY, o0 "
net hod of operationsrpariormetiia tlegkseB2®and H30rig-passed to before-hand sub-
15 pixel value interpolation block 845. Here, sub-pixel value interpolation is
performed according to the method of the invention, the degree of before-
hand sub-pixel value interpolation applied being determined by the details of
the decoder implementation. In embodiments of the invention in which on-
demand sub-pixel value interpolation is not performed, before-hand sub-
20 . pixel value interpolation block 845 intermpolates all sub-pixelvalues. In
embodiments that use a combination of before-hand and on-demand sub-
pixel value interpolation, before-hand sub-pixel value interpolation block 845
interpolates a certain sub-set of sub-pixel values. This may comprise, for
example, all sub-pixels at half-pixel locations, or a combination of sub-pixels
25  at half-pixel and one quarter-pixel locations. In any case, after before-hand
sub-pixel value interpolation, the interpolated sub-pixel values are stored in
frame store 850, together with the original decoded pixel values. As
subsequent macroblocks are decoded, before-hand interpolated and stored,
a decoded frame, at least partially interpolated to sub-pixel resolution is
30 progressively assembled in the frame store 850 and becomes available for

use as a reference frame for motion compensated prediction.




hand sub-pi xel value interpolation applied being determ ned by thﬁ aﬁ?gmbg
of the decoder inplenentation. In enbodi nents of the i nvent i on % :

on- demand sub-pi xel value interpolation is not perforned, before-hand sub
20 pi xel value interpolation block 845 interpol ates all sub-pixelvalues. In
embodi nents that use a conbination of Refore-hand and on-demand sub-. pi xe
val ue interpol ati on, before-hand sub-pixXxel value interpol ation bl ock 845

i nt erpol ate ' -~ Ri lues., Thi s, may c rise, for
exanpl o al T upodioftsing Yepto WRicR A hot Bty bfBiE i subotier
sub- pi xel s wdluat inteipbigtions | thandecutiedd biddke lof Pinidde liRANRAGS - (1D kY case,
after before- hagd sgb- pj xel value interpolation, the inter p{)I at'e

sub- pi xel WAHESY &g ‘é‘i%'}r@é Anfesuitapb theoinvessm quanjisatien and Hinvédrseor i gi nal

decoded pi | ack d, .befare- hand

o pol ot arnsfBirt Serdions BRIy IRCHBRIIOS & St 56 BpcitB0dE pol af ed

to sub- i xgpassesolditecty tos fREnerNGEEBHVCAY 39688l hﬁg&ﬁoél{s?ré‘?esmre
me or no

850 and becones, available for use as a reference fra i on
conpensat ed950880c @ngnstorkey aodecasied [franeeh bdivimgn usitopixeh eestaiiaieris whi ch do

| : | Lue i | at | he decoded bl ock of
g | nf ornePr e dsSfioBi TR e HAE slai Heliadd baComes, avaiberier  nyor se

quanti sat i asesaslaireierance framerieF MONLARShTHdRATedSid d on the macrobl ock
in blocks 820 and 830 is 5 passed directly to frgrredagi’tag'ie 850. As

subsequent macrobl ocks are decoded and stored, a decoded frane, having
unit pigel | Yt i j ressivel ssenbled,in the frane store 850
and belclzgmasw gégi #ﬁab@'e)r%% rfr%ggisaééé\o‘feg En EBCededviden stsany /aboipensat ed
pr edi ct i ondetultiflerednintd\Témodednpradictitit Aslesh infBRnSHGP Iesh Vf?ggé’?cﬁ{ ream 725

Is denult ing% exed into encoded prediction error infornmation or each
macr obl ock MeAcrehlock, ¢fnitie Hameeiagseeiatast moticnocoéfficieats 724 24ndadntroht r ol

informatio i - degadi cess. i.s perforned, nmacrobl.ock- by-
macr obl ock?’fﬁﬁg%h%'ehgﬁggdg% grB Soffind; Brocess 8 prriormad; BrRcrEIoPsbYs 15
macr obl ock macreblocke Wéher rthen eheoded] eReGibiGRBG0 ifferAddPMD% yai &y 810, it
S panbed to inl\)/er[s(e uantigfr 820. Control nmanager 870 controls inverse
macroblock is extracted from the video stream 725 y MUX/DMUX unit 810,
it is passed to inverse quantiser 820. Control manager 870 controls inverse
" quantiser 820 to apply a suitable level of inverse quantisation to the
macroblock of encoded prediction error information, according to control
information received in video stream 725. The inverse quantised
20 macrpblock of prediction error information is then inversely transformed in
the inverse DCT transformer 830 to yield decoded prediction error

information for the macroblock.

The motion cosfficients 724 associated with the macroblock in question are
25 extracted from the video stream 725 by MUX/DMUX unit 810 and passed to
motion compensated prediction block 840, which recon.strucis“a motion
vector for the macroblock using the same motion model as that used to
encode the INTER-coded macroblock in encoder 700. The reconstructed
motion vector approximates the motion vector originally determined by
30 motion estimation block 760 of the encoder. The motion compensated
prediction block 840 of the decoder uses the reconstructed motion vector to
identify the location of a block of pixel / sub-pixel values in a prediction

reference frame stored in frame store 850. The reference frame may be, for




guantiser 820 to apply a suitable | evel of inverse quantisati ony  ¢Ahents
macr obl ock of encoded prediction error information, according to control

i nformati on received in video stream 725. The inverse quantised 20

macr obl ock of prediction error information is then inversely transfornmed in

the inverse OCT transfornmer 830 to yi ekd decoded prediction error
information for the macrobl ock. The notion coefficients 724 associated with

the macr obl ecimple, quesevionsigr decdied> INTRA! fdnfdl a5 LhBroyislRgy Yeksady 725 bY
MUXI DMUX u assed to mption conpensated predicti‘on block 840,
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whi ch reco ame. i eilier Gaset e bloek (o eixel d catbrpixel valilemindieatedne
noti on nod t : e ] NTER-coded macr.obl ock i n encoder

700. The rggcyoﬁ@terlﬁoﬁ%%%omns{@ﬁ%&%ppJFBQﬁ sten Predietion Qletheyr

ori gi nal | y ratebiookdd gagsfiGn.noti on estimation bl ock 760 of the encoder. The
not i on SOnpensated predi ction block 840 of the decoder uses the

reconst Pucted notion vector to identify the |ocation of a bl ock of pixel /

550, " Tho. r anis EarRireRiibiby Yeoidhdy FR o ciVcneicarasig-Bixeh 1bieui ousl y

decoded | NVmatidr &Eetordndi@atb"sema!lmEYPl‘é@Wdﬁ@ﬁdforIt%%r&%}rﬂ”ﬁa&dﬂ 'ktEfr case,
the bl ock of pixel / sub-pixel values indicated by the reconstructed

mot i on vect@imed &am pixal values fire dhetvatwesoot phxels abhanilpirelkocationsyst i on. 5

The recons ' ogint to an Lxel or sub-pixel. If the

not i on vec?@#&% n Pcr:g@égyt%%f’bﬁ?é’gg?féﬁﬂ"cffﬁm? ﬁgq'%t E%é'cﬁ‘ﬁrm‘?t Vﬁ'Hg'P‘oiﬁl ock is

f or med1@r onupstiart arelokrsined. diredtyediilg' #%e QfecBBihgl 8f 8hefy 'Ti'émg.gge(he |
rom ,

| ocations), these can sinply be retrieved f rane store as the
val ues i n UePliaReVesigh indicalgst tiah dbe qiredictioy fduthe gurtent deacdblugkos each

frame. |f ' € PP MaTel that the predjcti for_the current
nacr obl ockhlg}?'e ; or ﬁ%uyﬁg& sﬂ%’f%’;@fggéépﬁés?&qq{e rﬁ{f@f’eair}fqmrfrﬂﬁer etrieved
from f r anestose B50,8G0caloulated dnil cri-demiand Asuts BB thtsipidtiokebiocRt&io! at i on

bl ock 890. . )

Whether sub-pixel values must be calculated, or can simply be retrieved
I5  from the frame store, depends on the degree of before-hand sub-pixef value

interpolation used in the decoder.

in embodiments of the decoder that do not employ before-hand sub-pixel

vaiue interpolation, the required sub-pixel values are all calcutated in on-

- 20 demand sub-pixel value interpolation block 830. On the other hand, in
embodiments in which ‘all sub-pixel values are interpolated before-hand,
motion cdmpensated prediction block 840 can retrieve the required sub-.

pixel values directly from the frame store 850. In embodiments that use a
combination before-hand and on-demand sub-pixel value interpolation, the

25 action required in order to obtain the required sub-pixel values depends on
which sub-pixel values are interpolated before-hand. Taking as an example

an embodiment in which all sub-pixel values at haif-pixel locations are
calculated before-hand, it is evident that if a reconstructed motion vector for

a macroblock points to a pixel at unit location or a sub-pixel at half-pixel

30  location, all the pixel or sub-pixel values required to form the prediction for
' the macroblock are present in the frame store 850 and can be retrieved
from there by motion compensated prediction block 840. If, however, the

motion vector indicates a sub-pixel at a quarter-pixel location, the sub-pixels




Whet her sub-pi xel val ues must be cal cul ated, or can sinply be reﬁgjgwﬁd ﬁm
fromthe frame store, depends on the degree of before-hand sub- pi‘xel a? e
i nterpol ation used in the decoder. In enbodi nents of the decoder that do
not enpl oy before-hand sub-pi xel value interpolation, the required
sub- pi xel values are all calculated in_gn 20 demand sub-pi xel val ue

I nterpol ation bl ock 890. On the ot her nd, in enbodinents. in which al
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for a macrobl ock points to a pixel at unit lTocation or a sub-pixe t

hal f - pi xel drscripedietaw. Sub-pixed values) caleuiated-ipionetiemahd ssibrpigelivahsk t o f or m
th di ct;j . r obl ock t in th t 850 and
can be et nEfnofation b e 8 AR ROTRE RomnsnsplclpticsontioR 820,

| f, howeverg4ghe notion vector indicates a sub-pixel at a quarter-pixel

| ocation, the sub-pixels 10 MAY 2006 60 required to formthe prediction
for the macrobl ock are not present in frane store 850 and are therefore

cal cul gxed 4 - : -plxel. valye interpolatjon block 890. In this
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it should be appreciated that in practical implementations of encoder 700

and decoder 800, the extent to which frames are before-hand sub-pixel
interpolated, and thus the amount of on-demand sub-pixel value

20 interpolation that is performed, can be chosen according to, or dictated by,
- the hardware implementation of the video encoder 700, or the environment

in which it is intended to be used. For example, if the memory available to

the video encoder is limited, or memory must be reserved for other
functions, it is appropriate to limit the amount of before-hand sub-pixel value

25 interpolation that is performed. In other cases, where the microprocessor
performing the video encoding operation has limited processing capacity,

e.g. the number of operations per second that can be executed is
comparatively iow, it is more appropriate to restrict the amount of on-
demand sub-pixel value interpolation that is performed. In a mobile

30 communications environment, for example, when video encoding and
decoding functionality is incorporated in a mobile telephone or similar
wireless terminal for communication with a mobile telephone network, both

memory and processing power may be limited. In this case a combination of




the decoded prediction error infornmation for the macrobl ock to fqrmpghy 2006
reconstructed i mage bl ock which, in turn, is passed to the vided_ output 880
15 of the decoder. It should be appreC|ated that in practical

i mpl enent ati ons of encoder 700 and decoder 800, the extent to which franes
are before-hand sub-pixel interpolatedl and thus the anount of on-demand
sub- pi xel value 20 interpolation that is perforned, can be chosen according

to, or dict bebdethand arhtéohajeimmdasuhmrm’rwm imerpofatiohemaly drottrnpester 700,
or the envir ntended to be used. For exanple, if the
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t he nunber. of operations per second

hat  card beaBkal 1gadia theciRsaling Biapssorlowerer, &t Reped: s ADRraaAIed o
per f ormed T Ao CifRent HTRAs of Poflrt Hant i on eIt Bleiiebof, cn

vi deo encodéary bentbeddachdiergotionahd eeabtéyin Srdien t® bpimidcethel Gpératiehi | e
tel ephone or_simlar, wreless termnal for communication with a nobile
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ef ficidft iinpdrp manba.tlon in the video encoder. In video decoder 800, use
of before- hand sub- pi xel value is generally not preferred, as it typically
results in the cal cuI atlon of many sub-pi xel values that are not 5 actually

used in they %ﬁﬁ% F el | hat

al t hough di f t am)u Pe olrﬁg' %@ﬁd"%‘%&ﬂbﬁ%@ﬁg“g@‘gf E'o?f fon can

be used in d:t&ettenaﬂ;dmrednﬁbdjémﬂes (BrAframee) iy oth@pfehrrbd@r 700 @per e on  of

each, both encaoder r ed,so as to use the sane

i vi'si on. belanoght BeBof shRARSEHadscRd iy e Bmpeicaei atuBe ention,

Interpqlsat ikdh a capability may be provided. Provision of such capability is
considered within the ability of one skilled in the art.

An encoder 700 or a decoder 800 according to the invention can be realised
using hardware or software, or using a suitable combination of both. An
20 encoder or decoder implemented in software may be, for example, a
| separate program or a software building biock that can be used by various
programs. in the above description and in the drawings, the functional
blocks are represented as separate units, but the functionality of these
blocks can be implemented, for example, in one software program unit.
25 )
The encoder 700 and decoder 800 can further be combined in order to foun
a video codec having both encoding and decoding functionality. In addition
to being implemented in a multimedia terminal, such a codec may alsoc be
implemented in a network. A codec according to the invention may be a
30 computer program or a computer program element, or it may be

implemented at least partly using hardware.




Al t hough the foregoing description does not describe the construdt] ¢iYofB
bi- directionally predicted frames (B-franmes) in the encoder 700 and the
decoder 800, it should be understood that in enbodi ments of the invention,
15 such a capability may be provi ded. Provision of such capability is
considered within the ability of one skplled in the art. An encoder 700 or
a decoder 800 according to the invention can be realised using hardware or

sof tware, OIThesulspikes mtéﬁhileﬁ:c@pmm u88d Qrf. tﬁ&tefhco&@r 7B0°058 $8kog&r decoder

i npl emented in software nay be, for exanple separate program of a
sof t war e buBP8i argonting fto ttlneﬂm@é]ﬁonezqveba dayscmaed audetaplr diweamethddwilhe above

description g functional cks are represented as

separ at e umfrfs’idoéo ?ﬂ@g%]d c? @%’é‘-f‘?fﬁoﬁ?eﬂ*%’ eblaﬂgk eRalve Pretemednent ed,

for exanpl eerﬂbbd@ﬂ@nt%@ﬁ‘li%@eéﬂnﬁ@ﬂam e first ﬁ:’%féra g&ﬂﬂﬁﬁ.eo il é %H%{]SI gecoder
Vi

800 can further be conmbined in order to ng both
encodi n@ andaluédﬁtﬁm@laﬁ@!mﬁ p@iﬁ%ﬂﬂ&@to Vmplaellchlasohﬂlontancbm ihg seq@neniet ed in a

mul ti medi a I | so be inplenented in a network. A
codec accorh\eerti'ge"?gg ?’ﬂéﬁtﬁ?ﬂ/@n’?p (irl?ﬁ@a’ﬁ@’rh 30 conputer program or a conputer
programelenment, or it may be inplenented at |east partly using hardware.
, 10 MAY 2096 62 The sub-pi xel interpolation nmethod used in the encoder

700 and decidsoulB0R retedritlanintemotdion m%ﬂbkﬁhd&olﬂeﬁﬁc&'le\?&lﬁb%"?ﬁi g detail.
The nethod will £ first be introduced at a general conceptual eve and t hen

two pref er r&codsrR thendecedean byt itgdmplementatipn showld |hesoptnneiedrimd
nmbodi t t t f t 1
Fesol uttton BT erRlies sepatBieli” R SKERMIE in'dh eheBiify. BoRCie I Tt Frst®

resol uti on.ermbodineritdobeheoingdntidratini Whithp @uptgied! vamb iﬁt@?b&éhdrﬁ%‘t i cal
values in the, encoder and the decoder, but its inplenentation oul d be

opti ni zed fRIEformashionsixekresel Lﬁlﬂﬂhﬁas Gnqsteﬁmemalqalmuater%aes@umder
2o or o0 b blbestan IR RERLEEE vhlBe! B Sl b ey B
nost ef fi ci esm-demand fashiahe ofl Wﬁél@'théy 8 needed during motion estimation.
15 This has the effect of limiting memory usage while keeping the
computational complexity / burden at an acceptabie level. In the decoder,
on the other hand, it is advantageous not to pre-calculate any of the sub-
pixels. Therefore, it should be appreciated that a preferred embodiment of
the decoder does not include before-hand sub-pixel value interpolation
20 block 845 and all sub-pixel value interpolation is performed in on-demand
sub-pixel value interpolation block 890.
In the description of the interpolation method provided below, references
are made to the pixel positions depicted in Figure 14a. In this figure pixels
25 labelled A represent original pixels (that is, pixels residing at unit horizontal
and vertical locations). Pixels labelled with other letters represent sub-pixels
that are to be interpolated. The description that follows will adhere to the
previously introduced conventions regarding the description of pixel and
| sub-pixel locations.
30

Next, the steps required to interpolate all sub-pixel positions are described:




pi xel s before-hand and to cal cul ate values for 1/4 resolution sp@ﬁmm&ém in
an on-demand fashion, only when they are needed during notion estimation.
15 This has the effect of Iimting nenory usage whil e keeping the
conput ati onal conplexity / burden at an acceptable level. In the decoder,
on the other hand, it is advantageous get to pre-calculate any of the sub-
pi xel s. Therefore, it should be appreciated that a preferred enbodi nent of

t he decoder t tHaN r&sh I s r.pol.at,i on 20
bl ock 695 angeey, o1 et dBEallfbE' SrhBREls ihelled % 48, BBAIES I 51 sonang

sub- pi xel ealewaling angnteampdiatevaiak (89Sing larKthhorddesitar] atéaningf tot he

I nterpol ation nmethod provi ded bel ow, references are nade to the pixel
positions depicted in Figure 14a. In this figure pixels 25 labelled A
represent origknal pixels (that is, pixels residing at unit horizontal and
vertical |okatyonsy A;Pixels |labelled wwth other letters represe(glt)
sub-pixels that are to be interpolated. The description that follows w |
adhere to the previously introduced conventions regarding the description
of pixef and sub-pixel locations. 30 Next, the steps required to

I nt er pol at ul- pi pasitions are described: 1 0 MAY 2006 63 Val ues
for the YzQ‘F'i‘is‘é %’tgog @%hqrpﬁﬁiﬁ%r ?‘gﬁfﬁ?iﬁg -tﬁ‘aﬂﬁeﬁ S9f'ESRERdIng yegtar of

cal cul atin 4l jaat pES : I 4:L.ar rding to:
C Boar i Al P TRleR! % sHAnteR 3 ARt Rerifortal ol AR Jartibdlloditn; < 09,
cor r espondiang Kdgtan integerowhigh rdefingsxtbe ordevet the ilten aftads, asquatioh 9

hori zont al upi k. Vv lcal, locations, and Kis an integer which defines
t he order 8%nt e'[gr‘%’ﬁ"%’ggé‘#ﬂ S, equation 9 can be re-expressed as: 10 b=x,

Al +X2APAX3A3+. . . . +XK-1 AK-1 +XKAK
b=x1At+ XAz + X3 Ag + oo + X1 At + Xk A (10)

The values of the filter coefficients x; and the order of the filter K may vary
from embodiment to embodiment. Equally; different coefficient values may
15 be used in the calculation of different sub-pixels within an embodiment. In
other embodiments, the values of filter coefficients x; and the order of the
filter may depend on which of the % resolution b sub-pixels is being
interpolated. Pixels A; are disposed symmetrically with respect to the %
resolution sub-pixel b being interpolated and are the closest neighbours of
20 that sub-pixel. In the case of the % resolution sub-pixel b situated at half
horizontal and unit vertical location, pixels A, are disposed horizontally with
respect to b (as shown in Figure 14b). If the Vz resolution sub-pixel b
situated at unit horizontal and half vertical location is being interpolated,
pixels A; are disposed vertically with respect to b (as shown in Figure 14c¢).
25
A final value for Y% resolution sub-pixel b is calculated by dividing
intermediate value b by a constant scale,, truncating it to obtain an integer
number and clipping the result to fie in the range [0, 2’-1). In alternative
embodiments of the invention rounding may be performed instead of
30 truncation. Preferably, constant scale, is chosen to be equal to the sum of

filter coefficients x;




(10) The values of the filter coefficients Y. and the order of 41heMAYI20g8 K
may vary from enbodi nent to enbodi nent. Equally, different coefficient

val ues may 15 be used in the calculation of different sub-pixels within an
enbodi nent. In other enbodi ments, the values of filter coefficients x; and
the order of the filter may depend ongyhi ch of the 1/2 resolution b
sub-pixels is being interpolated. Pixels Al are disposed symetrically

with respec [ el.n nd are
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resol ution mmJIptlu@Bnbnte'rmediawlvaHJefmmémg aarNgogrdet fikerd agboidingtot | cal

| ocation, pixels A are disposed horizontally with respect to b (as shown
in Figure 14b). If the / resolution sub-pixel b situated at unit

hori zontal andghalf vertical location is being interpolated, pixels A are
di sposed veffi:iEalyyb.with respect to b (as shown in Figure 14c).(13 A final
value for "h f&solution sub-pixel b is calculated by dividing I1nternediate
value b by a constant scale,, truncating it to obtain an integer nunber
and clipping the result to lie in the range [0, 2"-1]. In alternative
enbodi nent s ,of the, inven performed instead of 30

truncati on WIS ¥ §pR ¥ ecis n f[éﬁer Qe%ﬁ@'e”il% ’ahes%rwessenﬁtﬁ\gaveqter ©he sum of
filter Coeflrfxtbﬁh@ma‘ie Yalues t? ivkhe ROf%0 Jﬁé' orve Yﬁ%&f%& ol.ig 72 resol ution

sub- pi xel labelled c 1s also obtal ne ‘ati’ng an internediate
value ¢ using an Mh order filter, accord| ng to: MC_Y Y,A (11) if 5 where
y, is. avector of filter oeff|C|ents IS a correspondi ng vector of

i nt er medi ate ¥aPudy2PzitYa Bt hort ¥ gl t’iryw Mical direction. {2k : c=y1
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from embodiment to embodiment. Equally, different coefficient values may
be used in the calculation of different sub-pixels within an embodiment.
Preferably, the b values are intermediate values for ¥ resolution sub-pixels
b which are disposed symmetrically with respect to % resolution sub-pixel ¢

15 and are the closest neighbours of sub-pixel ¢. In an embodiment of the
invenﬁon, the % resolution sub-pixels b are disposed horizontaily with
respect to sub-pixel ¢, in an alternative embodiment they are disposed

vertically with respect to sub-pixel c.

20 A final value of % resolution sub-pixel ¢ is computed by dividing
intermediate value ¢ by a constant scale,; truncating it to obtain an integer
number and clipping the resuit to lie in the range [0, 2'-1]. In alternative
embodiments of the invention rounding may be performed instead of
truncation. Preferably, constant scale; is equal to scale; * scale;.

25
It should be noted that the use of intermediate values b in the horizontal
direction leads to the same result as using intermediate values b in the

vertical direction.

30 There are two alternatives for interpolating values for the % resolution sub-
pixels labelled h. Both involve linear interpolation along a diagonal fine

linking % resolution sub-pixels neighbouring the % resolution sub-pixel h




from enbodi nrent to enbodi ment. Equally. different coefficient vaﬁgp%mwagmm
be used in the calculation of different sub-pixels wthin an enbodi nent.
Preferably, the b values are internediate values for 1h resol ution

sub-pi xels b which are disposed symmetrically with respect to y2

resol ution sub-pixel ¢ 15 and are the efosest nei ghbours of sub-pixel c. In
an enbodi nent of the invention, the 1h resolution sub-pixels b are

di sposed hobéipgnirdetpplated.h Inr asfirsttermbodinier] @lvéfuelf@raéhﬁbfxglf let;éve )

enbodi nment tagelyl %cf di sposed ertlcally Wit h respect to su
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r xel s

i nterpolation along I agonal l1ne |inking eso utlon S
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i nt er pol at vaI u his calculated
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sub- pi K&l produmeadeatuccaﬁahterpmaﬁmﬂ‘ﬁsulté F uke al cul at ed
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resol uti on® interpq ?t'%fh(fﬁ'l GUB@l’éﬁl@rfem eacbab&rtlagroupssotpaqyxdgs t he
ot b i Firffod: Siithtns T8I 1Y ERironmen A enbyrh Oécﬁé'rgﬂf ‘e

det erm ne the val ues tor su - pr xel's

groups of embodingentsi xeswlt Ain Hsimifaer coiripredyion d eflicieh gl | hat the
same conbi nati,on q?uld e used in both the encoder nd t he eco er in
order to 1%'“§ agdnghereomplexitysinee ealculationiof subipjxele tequitepi ct s 4

possi bise cee@ation of several intermediate values. Therefore the first embodiment is

0 A

preferred.

Values for % resolution sub-pixels labelled d and g are calculated from the
values of their nearest horizontal neighbours using linear interpolation. In

20 other words, a value for % resolution sub-pixel d is obtained by averaging
values of its nearest horizontal neighbours, original image pixel A and %
resolution sub-pixel b. Similarly, a value for % resolution sub-pixel g is
obtained by taking the average of its two nearest horizontal neighbours, %
resolution sub-pixels b and c.

25
Values for % resolution sub-pixels labelled e, f and i are calculated from the
values of their nearest neighbours in the vertical direction using linear
interpolation. More specifically, a value for % resolution sub-pixel e is
obtained by averaging the values of its two nearest vertical neighbours,

30 onglnal image pixel A and % resolution sub-pixel b. Similarly, a value for %
resolution sub-pixel f is obtained by taking the average of its two nearest
vertical neighbours, % resolution sub-pixels b and ¢. In an embodiment of

the invention, a value for % resolution sub-pixel i is obtained in manner




of diagonal interpolation for sub-pixels h in adjacent groups-of [MA\I?8&H S
within an image. Sinmulations in the TM. environnment have verified that both
enbodi ments result in simlar conpression efficiency. The second

enbodi nent has hi gher conplexity, since calculation of sub-pixel c requires
15 cal cul ation of several internediategyal ues. Therefore the first

enbodi nent is preferred. Values for '/s resolution sub-pixels |abelled d

and g are GabRidaruedhar ot WbScrived Wéoﬁﬁeétgagﬂ With92'r8sb! hBﬁi&;%gk}iQéu
nei ghbours using linear” interpolation. In ot her vvor(lzi's, a valué for /

resol uti on Howeygrxé an alierobtive rerabodiment rad ghadgnveatioresaraf in contieen est

hori zont al nei ghbopr aorjginal, i pi xel nd 1] resolution sub-pixel
b. Sinilar IM{)Fh gngahgfi ftgﬁi %ﬁg‘?lﬁsm (?r‘i‘dth@pq?x@TeV@Uisy dascebebd Yoy t aki ng
t he averag {i iRsa iz ot Al ' ' | on
sub- pi xel JTpStiutiss suBiRer tg‘ihﬁ%/ﬁ%@rﬁrﬁﬁ‘?g@%%%i%lfs‘?hfé%gdélétr‘éd e f
and | abe osiginalimage pixels, aocording tefheA+AgiA+RpAdest nei ghbours in the

vertical direction using linear interpolation. Mre specifically, a value
for '/4 resolution sub-pixel e is obtained by averaging the values of its

two neares ' [ ; L4l | | xel . ' h

resol uti onqts%@qlg?%o E@ %h%alqg?s i/r?gg%g?%%egrb%?§vg¢%?oﬁr@9% B'ﬁfﬁl- pi xel f
i s obt ai nedntly aradubrpixehealaes isdeteriindd; thaaverajeeiay beefdrfad inngiyghbour s,
"h resol ution sup-pixels and c. In an enbodinent of the invention, a
val ue for APRrPIGH mAnHRY. T-ganaple; thewvalue forde desolutiom sub-pixed dan 2006 66
I dent i g@l ] d i | nnact i it 4 4 _ 40,

sub- pi 1;{ZI Pg dEJ?H@%gvé‘eérS& [ %nﬁ)ﬁg{%gﬁvg%e%bbggﬂﬁgr# 1(.)"{9 ?ﬁ‘gﬁ?h\%r}t on, and
in conmon the stimtofevatuebiar qixel o daldss TobSution shblfixgl telas tise yiigessr | bed,
1/4 resolutiaon sub- IS de}_erm’ ned.  usi ng the values of the four

i
Closest - 5CRY5109 ALY rPyadno g BIncatig oppratian subseaenth ABpier Io roung | (
shoul d al gy henaftafe vale (d? ild URPRER HHBES AbgBY SERRE THYR o X

and / or sub-pixel values I's determ ned, ag e forned in any
appr opr i at anyrsiunerof iftegee valgsse antihmay dbeiapplied /16 amp af theoaveralingi xel d
can s operations performed according to:the method of the invention in order to

control rounding or truncation effects.

It shouid be noted that the sub-pixel value interpolation method according to

the invention provides advantages over each of TML5 and TML6.

20

In contrast to TMLS5, in which the values of some of the % resolution sub-
pixels depend on previously interpolated values _obtained for other %
resolution sub-pixels, in the method according to the invention, all %
resolution sub-pixels are calculated from original image pixels or %
25  resolution sub-pixel positions using linear interpolation. Thus, the reduction
.. in precision of those % resolution sub-pixel values which occurs in TML5
due to the intermediate truncation and clipping of the other % resolution
sub-pixels from which they are calculated, does not take place in the
method according to the invention. in particular, réferring to Figure 14a, %
30  resolution sub-pixels h (and sub-pixel i in one embodiment of the invention)
are interpolated diagonally in order to reduce dependency on other -
pixels. Furthermore, in the method according to the invention, the number of

calcutations (and therefore the number of processor cycles) required to




10 be defined as d = (A+b) / 2 or as d = (A + b + 1) / 2. The h8dt¥ o#P08s
1 to the sumof values for pixel A and %resolution sub-pixel b has the
effect of causing any rounding or truncation operation subsequently
applied to round or truncate the value for d to the next highest integer
value. This is true for any sum of in&ger values and may be applied to
any of the averagi ngf 15 operations performed according to the nethod of the
i nventi on i Ab@iiErvalee fenthasel Yrresahitiog sub-pikelsdatthenicebles i reddceghoul d be
h

not ed t hat | I i.nt | ati on net hod according to the

i nvention p'?%?%’éé? %@?AY‘%S%%@@?%Q@PP selcyiationof ermissresplution sidnt rast to
TM.5, in hiRd! vdlge veui fibEE . ' ub- pixel s depend
on previ o\lljws.'lmy i nterpo aﬁd@bgl uesoﬁé%!%gﬁﬂééé%]ﬁgﬂts#yrb g%nj'awggﬁ'f%ttpon

sub- pi xel s, hennumbensf leaiculsiiansdiequired tchdeiening iang. otAbl 14/sofugsR! Ut i on

sub- pi xel s e at fromorigjnal imge pixels or ' 25 resolution

sub- pi xé&l p%?%@%@. ﬁ@of‘? r?@&F'f'P%{')érEblaaﬁﬁ'éﬁ!onrmretm reqiticad 3 i n

preci si on qbsblagss sult | =i xel S i gh occurs in TM.5

due to the i ﬁt er medr at grﬁﬁ}rﬁgﬁ%ﬁéﬁﬁﬁ%%@gﬁ% e\t,g;e&lﬁyhg‘?wmb?%ol ution

sub- pi xel s calQRiaHiheforenbgndrthe cminherasfasiculaRsms vebuirad %o MBffiae 4 ne
I gu

nmet hod accg;&%%]@ ;.o th i.nve%og{. In particular, referring to re 1l4a,

1/ 4 30 resdf H'%’br‘)‘!’ﬁﬂ%!’é‘?‘s" e YR hepig-salrulated Vaoresolutiondsutepixebf t he

i nvention) yaiies isither: i | Ly cder to.requce,dependency on

ot her Y4- giaxel s, rtgﬁrmg;ﬂr?g?gg In tﬁe&rre lﬂ‘c%%‘ﬂ%c'@ﬂﬁ"ﬁ@%ﬂ?’rﬁ@n@@ht i on,

the nukBer obter ¥aesalution aub-gizeivaliefrohnite é@lab@%es@fuﬁ@:h%ﬂfé&éi cycles)
reso

required t9 ﬂ{!eg MAY 2006 67 obtain a value for those 1/a tion
sub- pi xel s 2 he decoder is reduced conpared with TM.5. Additionally, the

calculation of any 1/4 resolution sub- pixel value requires a nunber of
cal cul ations which is substantially simlar to the nunber of cal cul ations

required t# eeMeARsHR willy TMGe the methed aicobiding %o md)irwembn_\midsen%t'\/br e
D er, SN h R DIRER 10D ek e boitrmrb aloastr o hona
the nutoer piublsc Spevifieailgns AIPStheo réSollifib e S0/ pie? values are calculated
from original image pixels or % resolution sub-pixel values using linear
interpolation, lower precision arithmetic can be used in their interpolation.
Consequently, in hardware implementations of the inventive method, for
example in an ASIC (Application Specific Integrated Circuit), the use of

20 lower precision arithmetic reduces the number of components (e.g. gates)
‘that must be devoted to the calculation of % resolution sub-pixel values.
This, in tum, reduces the overall area of silicon that must be dedicated to
the interpolation function. As the majority of sub-pixels are, in fact, %
resolution sub-pixels (12 out of the 15 sub-pixels iflustrated in Figure 14a),

25 the advantage provided by the invention in this respect is particularly
significant. In software implementations, where sub-pixel interpolation is
performed using the standard inétruction set of a general purpose CPU
{Central Processor Unit) or using a DSP (Digital Signal Processor), a
reduction in the precision of the arithmetic required generally leads to an

30 increase in the speed at which the calculations can be performed. This is
particularly advantageous in ‘low cost implementations, in which it is
desirable to use a general purpose CPU rather than any form of ASIC.




1/a resol ution sub-pixel value fromthe pre-cal cul ated 1/2 resol UGi BAY 2006
sub-pi xel values is the sane as the nunber of calculations required to
calculate any 10 other.1/a resolution sub-pixel value fromthe available /2
resol uti on sub-pixel values. In conmparison with TM.6, the nmethod according
to the invention does not require highgrecision arithmetic to be used in
the calculation of all sub 15 pixels. Specifically, as all of the 1/a

resol ution gWa- Rietkédd r I : Q) Ofing i xel s or
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s are,
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i nvention U threpedy  wiam galculatipgpealiees Vibr ¥ Tesdlutios
posi £ ons Wﬁ"ﬁéﬁ"ya"w ih oS 95 a0 Yidino 65, nlfercet SerafllS car ed by

pOSItIOﬂS I's required any glven-ti

recei ved rm‘eqwredmtomerﬁufohﬁamtthenreqﬂﬂ’eﬂﬁloe@ Faﬁexmﬁleamatﬁﬁ%ﬁ if the
val ue | ocation can be calculated with the

m ni mu ﬁ%ﬁ&r%f aé’f‘g‘ﬁ %{eqngglﬁqni( g‘:‘lﬁp%eb&r’f? &galytion sub-pixet ¢ should

interpolated in the vertical direction. If a value is required for % resolution
sub-pixel g, it is advantageous to interpolate a value for ¢ in the horizontal
direction. Thus, in general, it can be said that the method according to the
invention provides flexibility in the way in which values are derived for
20 certain % resolution sub-pixels. No such flexibility is provided in TMLS5.
Two specific embodiments will now be described in detail. THé first
represents a preferred embodiment for calculating sub-pixels with up to %
7 pixel resolution, while in the second, the method according to the invention
25 is extended to the caiculation of values for sub-pixels having up to ¥ pixel

resolution. For both embodiments a comparison is provided between the

computational complexity / burden resulting from use of the method

according to the invention and that which would result from use of the

interpolation methods according to TML5 and TMLE in equivalent
30 circumstances.

The preferred embodiment for interpolating sub-pixels at % pixel resolution

will be described with reference to Figures 14a, 14b and 14c. In the




I nterpol ated val ue. The nethod according to the invention provid?§}§ﬂ¢52mm
capability. As nentioned in the detailed description provided above, Y2
resol ution sub-pixel ¢ can be interpolated by filtering in either the
vertical or 10 the horizontal direction, the same val ue bei ng obtained for
c regardl ess of whether horizontal orgyertical filtering is used. The
decoder can therefore take advantage of this property when cal cul ati ng

val ues for biidwirs ol Wil o aSHimBI1RE ol At plbiS Uil AndPiudoldled ni M se

t he nunber of operations required 1 n or e required val ues.
For exanpl eyalués forsubaunele ard Fepresented svith 8ditee for 1/4 resol ution
sub-pi xel f, Y2 resolution sub-pixel ¢ should interpolated in the vertical
direction. If a value is required for 1/4 resolution sub-pixel g, it is

advant ageo i p Aval.ue f: C¢l ' g I on.
Thus, in g;t?\aelﬁ;g‘al,ueﬁteé fcgdn?%%h?gfg SP Eaéﬂ?‘{l%eatngt {g%‘lﬁ Jﬂ:béﬁ?@‘l’q gﬂf’h‘gﬁ{
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/éreisol ut i on ub-gixels. No such fl exibil . A
TMLS. Two shedi YaiEe i suBriisehatihalt wait berigenial and anitvestiaaliocatine f i r ot

t f | (e ' - Dl xel |t to 1/4
pixel rosol ot 1on 8, i ReSi, FeBpicl ol Eer Jas 2 e, B idhst” " °

I nvention 25 calcabting detrhediate valalech=a{A pn 5p% v 20ASS SOA, SBARL Ag) S havi ng
up toys pixel- resolution. For both enbodi nents a conparison is provided

between the WSRGUINEVAHRS ok HigBxpiels/ (Asutonds) which! aiengituatech alsunibf t he

nmet hod ypaccor gig | ' at_whi I sul,t from use of
the i rllPer pol g?'?%br{& %e%ﬁggﬁ\ggﬁ)drag ﬁl%%ﬂ 8§ %L%»@ﬁgn%wg' &n{h%qff#'vg\neﬂ 30

ci r cumst ancespixélsecqntaihing bdiretrivbitihmans disposedt symwktidally vt B s s at Y4
pi xel resoluti,on Wié] be g&scri bed with reference to Figures 1l4a, 14b and
l4c. In the ASHPWRAP DIgHERSSHAD ABH 146 Adinalvalie fordk reselutien subiixehbl | mage

pi xel s and fi ' = R e Rl ated with
B bi o, Cal cup oy BRG] (0.2 46) ¥ 32 Whols el dberbldr™ dertiFs WHRIGT R ont a
and unit 5 vicunéatiah. The sesultris clippled to lieiin thehanige §oit285]and hal f uni t
vertic | ocations. 1. A value for the sub-pixel at half unit horizontal
and un vertical |ocation,

Calculation of % resolution sub-pixels at half unit horizontal and half unit
vertical locations.

2. A value for the sub-pixel at half unit horizontal and half unit vertical

location, that is % resolution sub-pixel ¢ in Figure 14a, is calculated as ¢

20 = (Dy - Sb2+ 20bg + 20bs- Sbs+ bg+ 512) / 1024 using the intermediate

values b for the six closest ¥ resolution sub-pixels which are situated in

either the row or the column of sub-pixels containing ¢ and which are

disposed symmetrically about ¢. Again, operator / denotes division with

truncation and the result is clipped to lie in the range [0, 255]. As

25 previously explained, using intermediate values b for % resolution sub-

pixels b in the horizontal direction leads to the same result as using

_intermediate values b for % resolution sub-pixels b in the vertical

direction. Thus, in an encoder according to the invention, the direction

- for interpotating Y2 resolution sub-pixels b can be chosen according to a

30 preferred mode of implementation. In a decoder according to the

invention, the direction for interpolating sub-pixels b is chosen according

to which, if any, % resolution sub-pixels will be interpolated using the

result obtained for % resolution sub-pixel c.




that is Y2 resolution sub-pixel b in Figure 14a, is obtained byj fJi¥aY 2006
calculating internediate value b = (A, - 5A2 + 20A3 + 20A4 - 5A5 + A6)
using the values of the six pixels (A .to A6) which are situated at unit 10
hori zontal and unit vertical locations in either the row or the col um of

pi xel s containing b and which are dispogged synmetrically about b, as shown
in Figures 14b and 14c. A final value for / resolution sub-pixel b is
calculated as (b + 16) / 32 where the operator | denotes division with
truncation. The result is clipped to lie in the range [0, 255]. 15

Cal cul at i onCfcuiaton gt & nesadutianupubipbels ait) quatennit hodzoathbat wid hal f

o SRS e o B Sl oo
sub- pi xel _cuyhit Horigonrl 4Ad quistes ahft Weried 1&%ﬁ6n|s;29nd: iV Half umip %&i?&ﬁﬁg S (232? 4/

5b5+ b6+ 512) / 1024 using the internediate values b’for the six c
resol uti‘on 808 quiaker ynikNedicablosatieonuated in either the row or the col um of

b- pi xel i ni d, whi ch d d trically about c.
Ao X o B AL B 7 B o S Rels”o; Biaiae Hlarer it bedzania ¢
clipped to |i%dd“uhiﬂ%eﬁﬂi&ﬂ%dé?iong%-cﬁéul%ﬁa&?éﬁ@”@'ibﬁxac.” i.g 4 ¥si ng

internediate values b for Y resol ution sub- p In the ri‘zont al
direction | eadssingtheh8egrask arigingl timageupixeb A anddhewtlosest Yatagokitibnf or Y2

sol ut | b-pi xel.s. b iLn th ical. direction. Thus, i ncod
hocording o SHEBIRRdnth B hofeorint tEGeton: Suaian, @y fr Hy'osoluieBol ut i on
sub-pi x@ s b @ap-pigels QS SiAEE Utdgaartd ui FbiRoptar s HHPﬂtGerva(ﬁmcan

i mpl ementation. I'n a decoder according to the 1nvention, rection for
i nt er pol at i nglegatiops a&e salsulated aeerrdingcloqs dilbg- cx/® usingithe itfvo aegrest4

V2" resol ut i on 7% (S bt skb-pBs T T8z o0k airetior in s Gimiar PaBRSR 1 on
sub- pi xel s at vhlueBURSH AT radoldiotOUBUMeS ENditsdibl at/ Ghit! ﬁaﬂizdrgféaagmns; i)
quarter unit horizontal and half uni't vertical locations; 111 unr t
hori zont al an@uduer uait verical Jegaticpal arercakuiated asaording ehal(A ub)t/ 2
horizogkal  ysing the nearest original image pixel A and the closest % resolution
sub-pixel b in the vertical direction. Values for % resolution sub-pixels f,
situated at half unit horizontal and quarter unit vertical locations, are
~ determined from f = (b + ¢} / 2 using the two nearest % resolution sub-
pixel in the vertical direction. In ali cases, operator / denotes division with
20 truncation.
Calculation of % resolution sub-pixels at quarter unit horizontal and quarter
unit vertical locations.
4. Values for % resolution sub-pixels h, situated at quarter unit horizontal
25 and quarter unit vertical locations are calculated according to h = (b; +
bo) / 2, using the two nearest ¥% resolution sub-pixels b in the diagonal
direction. Again, operator / denotes division with truncation.

5. A value for the % resolution sub-pixel labeled i is computed from i = (A; +
30 Az + Az + A4 +2) / 4 using the four nearest original pixels A. Once more,

operator / denotes division with truncation.




5 and quarter unit vertical locations. 3. Values for'/ resolutidn} MAY 2006
sub-pi xels d, situated at quarter unit horizontal and unit vertical

.l ocations are cal culated according to d = (A + b) / 2 using the nearest
original image pixel A and the closest 'h resolution sub-pixel b in the
hori zontal direction. Simlarly, valueg;for 1/4 resolution 10 sub-pixels g,
situated at quarter unit horizontal and half unit vertical |ocations are

calculated ascandiy8B 1f dhe eBmpuldtidnaf KStBRXHDE of Mhe SR Shrerdfrdgsol utl on

sub-pi xels in the horizontal direction. I"ar “manner, s for '/
resol ut i on &nBo@iMeNnt of the ventieredilasowbetprasentednt al and quarter unit
vertical locations, are cal cul ated according e = (A + b) / 2 15 using the
nearest original imge pixel A and the closest 'h resolution sub-pixel b
in the vertj | I on. .. Val yes . for 1/4 resolution sub-pixels f, -
si t uat ed atIh ﬁg%fe q{l?rcflag} H{c)){gi '9‘8& Q]a?é%l Sa{g sub-Pis: t"aWEFtW'ﬁrﬂe Faledliptashs, are
det er mi Sed rhdlepleltiried.tThergloré, #nd'aé REcits ' F f Sub-
pi xel in the vgnt?t ical direction. | nﬁg?l cé%égelag‘gg?gteoé?'hﬁ%%wg% Vi si on
with 20 tenseder 6an bealedured ibyrprefcaldutatings all subepixed Walypscahd stdrirguar t er

it hori l. Lt f i [ | ti . 4. Val f %
esol utt on e FRERBHA Hofevattbis Stbtarsfemaseaimomon ysraaby sderamd
quarter unimargl. tinC e [prefatiedNsmboBirhShLC b %@@C&n%wrﬂiﬁﬁgm{hgcgh gazot(o?r + b2)

[ 2, using the two nearest 'h resolution sub-pixels I'agonal
di rect i on. VAGE macayipRgYaiso¥ piealoeeelutioniiai bothwtheh horizowtal iaad. vérticd val ue

130 S S el Tt bl e
operat or / relRIneisers fines 3@ hathory bqUiRedid SBre thed Walzﬂgﬁ-iﬂt@: d?ﬁe?nal ysi s
pr e? ret enbodi ey

of the conputatignal conplexity of the first pr [ of the
i nventi on age.nd@ mAduseeBeMan. usage, hall erdéomsolution ssb-pidetd \canhbe t he same

ot ovt ousl y SRRt BoralfsRRAE U Fosdlulih Subabsln. Fis b seeiatcky by
pr e- cal cul demagdathat f8)lenfy whén tidyugre metted Ackd@ing to the method of the -
15 invention, on-demand interpolation of values for % resolution sub-pixels only
requires linear interpolaiion from % resolution sub-pixels. Four times the
original picture memory is required to store the pre-calculated % resolution
sub-pixels since only 8 bits are necessary to represent them.

20 However, if the same strategy of pre-calculating all % resolution sub-pixels
using before-hand interpolation is used in conjunction with the direct
interpolation scheme of TML6, the memory requirements increase to 9
times the memory required to store the original non-interpolated image. This
results from the fact that a larger number of bits is required to store the high

25  precision intermediate values associated with each % resolution sub-pixel in
TMLS6. In addition, the complexity of sub-pixel interpolation during motion
estimation is higher in TMLS, since scaling and clipping has to be performed
for every ¥2 and ¥% sub-pixel location.

30 In the following, the complexity of the sub-pixel value interpolation method
according to the invention, when applied in a video decoder, is compared
with that of the interpolation schemes used in TML5 and TMLE. Throughout

the analysis which follows, it is assumed that in each method the




themin nmenory. However, this solution increases nenory usage ?y ?Ylﬂﬁﬂe
margin. In the preferred enbodi nent of the invention, in mhie% n@ I'o

vector accuracy is '/a pixel resolution in both the horizontal and verti cal
10 di nmensions, storing pre-cal cul ated sub-pi xel values for the whol e i nage
requires 16 times the nmenory required 9 store the original, ' -
non-interpolated imge. To reduce nenory usage, all A resolution

sub- pi xel s intIpblation refeamp kab gkl fafie i "dsi i on .sub-pi xel s
can be cal cul ated on- de@rgr]d,%at is, %ﬁ?ﬁﬁ’ﬂgﬁ li%'g%ZIBJe%eg@gﬁT ccordi ng
to the met H¥HMBEr ¢hdeps requime fodhlaipra demecity intdrpolatdchvales. 1ots fathees for'/

ool i1 on S il e melreabls iFniemBRTddl i Bk Beestharampr 4t equi r ed
to store t s intemmodianshaliRs cmmoRoRl wllRg sublfidib 16 be iﬁiez;ﬁcﬁa{%@gjé £ 0t

are necessary to represent them 20 Howeve e sane
pre- cal &ul parigylan N x 94 ek ata oalcalabediorBl sncelsAn diustiative dranple is

i nterpol ation.ji.s,uUs i n junction with the direct interpolation schene
of TM.6, tﬁégﬁﬁﬁﬁ'}ﬁ%‘d’&i f@%?é"ﬂ%@r%wag@ 18 ibcan bﬁ@ﬁ&nﬁbahgrmdw teequi r ed
to store thacondte H& ' I < . T 0] sul fro he fact
that a | arger nut?m%? )SPPt'[)‘::lc%dg ?2@&%%}?@%%%8&%@%%( régh?(g‘#?’%i(p&eit si on

i nt er nedi aresalulioresubrpixels histirshcaloulatded)' / resol ution sub-pixel in TMG6.

In addition, the conplexity of sub-pixel interpolation during notion
estimation is higher in TM.6, since scaling and clipping has to be

perforped Copk ¢ B-Bi I | t.he oLl owi ng, the
conpl exi t yO(;f F%Eﬁggs‘ﬁg%ﬁglﬁ 93‘? Egapﬁpglreﬁéﬁgp{)ggﬂ%gﬁodégddegwi@' ® 0 the
i nvent i on, Métked apgording tonthe invertiordeasddowei somputzaiboag! coplexitpfsr of the

I nt er pol at | henes ed in TM.5 and TML6. Throughout the analysis whi.ch
fol | ows, ith%lnfgﬁ§g’§\9rﬁ?8$ﬂ%t I n each nmethod the 1 0 MAY 2006 72 '

i nterpol ati on of any sub-pixel value is perforned using only the mninmm

nunber of stm_ required to obtain a correctly interpolated value. It is
further adsMitie tae subipixalt Nelite dnierpblatient sdhémea usledclin bassids, manner

| nter g1 at ed SO K5 8 biied RTIRR itRne pevlus S T @F0BHPD Bhce. An
i | Tustrative pixehefdan be obtained by filtering in either the vertical or the horizontal
direction. Thus, in order to reduce the number of operations, %
resolution sub-pixel ¢ can be interpolated in the vertical direction if a
value for % resolution sub-pixel f is required and in the horizontai
20 direction if a value for % resolution sub-pixel pixel g is required. As an
example, Figure 17 shows all the % resolution sub-pixel values:that must
be calculated in order to interpolate values for % resolution sub-pixels g
in an image block defined by 4 x 4 original image pixels using the
interpolation method of TML5 (Figure 17a) and using the method
25 according to the invention (Figure 17b). In this example, the sub-pixel
value interpolation method according to TML5 requires a total of 88 %
resolution sub-pixels to be interpolated, while the method according to
the invention requires the calculation of 72 % resolution sub-pixels. As
can be seen from Figure 17b, according to the invention, ¥ resolution
30 sub-pixels ¢ are interpolated in the horizontal direction in order to reduce

the number of calculations required.




provided in Figure 16. Referring to Figure 16, it can be seen Iﬁaﬂ n @Bder
to calculate a 4 x 4 block of 1 resolution sub-pixels c, g‘ o%

1/2 resolution sub-pixels b is first calculated. 10 Corrpared W|th t he
sub- pi xel value interpolation nethod used in TM.5, the nethod according to
the invention has a | ower conputationalysconplexity for the follow ng
reasons: 1. Unlike the sub-pixel value interpolation schene used in TMD5,

15 accor di ng. LacddidingeleNib Aethix® dMENHuBMoR %aledBiutiBh HiZpkepRlti on sub

pi xel ¢ can be obtained by filtering in either the verti
hori zontal dicakeutiaied. by Hmear iimtepalatiort dromadtscbva elosestrbeighbbudpgriat i ons,
1/2 resolution_su

S8 rﬁ) g Ican ﬁ nteré?od ? _Bht he vertical direction
if a value fdFSTHHON &Y I'QJ’E“?ﬁHnsf B ddﬁ’g@ estPlkq ?é‘%ﬁ%ﬁ?@"?mw
hori zontal 20 i %eFésbﬂﬂldnfs@bbﬁJell’s?tﬁé}rnﬂfs@t{eeEchH IR iF W8 K lonpdie! 9 1S

required. As an exanple, Figure 17 shows a reso utlon su - pi xel
val uea that mualuesder é’«at&aﬂhﬁmﬂsubwpme@dn withini auex 4 bladkeof\aigires image Y4

resol ution sub- |xels e bl ock defined b : or| i nal inmage
bi xel s using HHIEFE Pﬁ&ne%sl%mﬁem%wewolmw {eg acoprengdndMbang £ he
met hod 25 acc t he
sub- pi xel va;%{Jr‘e‘;!il ?%t@%%ﬁ#ﬁra%jtﬁgt a!:r%%b ng %ghlﬂ%ﬂgﬁre ﬁl:&?;g}gé@?tot al of
88 1/2 resol wndori8th)p-rpspedtivetyo Wsingnther méthbddacodndhhg tdﬁa' MH hbds
according to the invention requires the calculation of 72 resol ution

sub- pi xel s. ADECESFAN SO0 KRGPO %%ltﬁtﬂ'e(’flf’ﬁ %aé%ﬁ?ﬂlﬂﬁoﬁgst'%ﬂwés-l whéeiti on, Y2
| ut 30 t
or dor 1197 equetorg ®) hemetid f BRRRHER i R ABes Bl 7o, "

According to t/heesolutioodsulf-pixels. i nvention, '/4 resol ution sub-pixel his

cal cul ated by linear interpolation fromits two closest nei ghbouring Y2
resol ution sub-pixels in the diagonal diregtion. The respective nunbers of

Ve ues by PR RTRSbIAG dsioP el Griu BB AN P |
pi xel s usi rigterpelation metheds wonsidered bepn| thiat accondingotd AMLE; dhe glitect TM_5
15 interpolation method used in TML6 and the method according to the
' invention. Complexity is measured in terms of the number of 6-tap filtering
and linear interpolation operations performed. It is assumed that
Interpolation of % resolution sub-pixel i is calculated according to i = (A + Az
+ As+ A4 +2) / 4 which is bilinear interpolation and effectively comprises two
20 linear interpolation operations. The operations needed to interpolate sub-
pixel vaiues with one 4 x 4 block of original image pixels are listed for sach
of the 15 sub-pixel positions which, for convenience of reference, are
numbered according to the scheme shown in Figure 19. Referring to Figure
19, location 1 is the location of an original image pixel A and locations 2
25 1016 are sub-pixel locations. Location 16 is the location of % resolution sub-
pixel i. In order to compute the average number of operations it has been
assumed that the probability of a motion vector pointing to each sub-pixel
position is the same. The average complexity is therefore the average of the
15 sums calculated for each sub-pixel location and the single full-pixel

30 location.

TMLS TMLG inventive
Method

[ Location linear. | 6tap | linear. | 6tap | finear. | 6-tap




and the nethod according to the invention are shown in Figures ﬁ

18(b), respectively. Using the nethod according to TM.5 it is ecessary to
interpolate a total of 56 'h resolution sub-pixels, while 10 according to
the method of the invention it is necessary to interpolate 40 1,12
resol uti on sub-pixels. Table 1 sunmarizes the decoder conplexities of the

t hree sub-pi xel value interpolation nmethods considered here, that
according to TML5, the direct 15 inté&#dpol ati on nethod used in TML6 and t he
met hod according to the _invention., Conplexity is measured in terns of the
nunber of 6-tap}§llfprln3 ang Iiﬁgg 'no tion %wepaé%ons per f or ned.
It is assuned tH L nterpolatiton 4 tH-on b-prdel 1 1S
palculated_accorwﬁﬁ%j¥em—w=~?§, + ég + éL' H@EIL) Fg+-kuglnis bi i near

i nterpol ati on ang gffectiveryggompey$es g0 2@l TTEqE lntggpolatlon

oper ati ons. The'qbeﬁatlo STheRged g9 |1 Nt ayjpol a4 Suhs | pl x&d] val ues with one
4 x 4 block of (mlegienal | magessi xekbs |are d | st &d [f or 164ach af the 15
sub- pi xel positildas which, fad2iconvehi end?el of ©Oaf er 8Ace, e nunber ed
according to thd Avelagere showSiin FRGlre 10l R&Rdrri Aglt 882 ure 19,

|l ocation 1 is the location of an original imge pixel A and |locations 2 25
to 16 are sub-pixel |ocations. Location 16 is the |ocation of 1/4

resol ution pi f -

oper ati ons THLE ETnplownk 81 e BB SRR iR VLIRS oy

poi nting to each srtperedthopascording toshd meestre. The average conplexity is
therefore the average of the 15 sums cal culated for each sub-pi xel

| ocatiof and the si ngle full-pixel 30 location. Location TM

L5TML61 nveni gie hesdad flohhable §-thaptiearithodatedrditgpto tfe- inventiorD MAY 2006
74 1000000 3,9016016016 2,4,5, 1316160161616

requires fewer 6-tap filfer operations than the sub-pixei-value interpolation

method according to TML6 and only a few additional linear interpolation

' operations. Since 6-tap filter operations are much more complex than finear

10 interpolation operations the complexity of the two methods is similar. The
sub-pixel value interpolation method according to TMLS has a considerably
higher complexity.

The preferred embodiment for interpolating sub-pixels with up fo % pixel

15 resolution will now be described with reference to Figures 20, 21 and 22.

Figure 20 presents the nomenclature used to describe pixels, % resolution
sub-pixels, % resolution sub-pixels and ¥ resolution sub-pixels in this

extended application of the method according to the invention.

20 1. Values for the % resolution and % resolution sub-pixels labelled b', b°
~and b? in Figure 20 are obtained by first calculating intermediate values

b'= (-3A; + 12A;- 37A3 + 229A4 + T1As - 21Ag + 6A7 - Ag); P = (-3A +

12A2 - 39Ag + 158A4 + 158As - 39As + 12A7 - 3Ag); and b’ = (-Ar + 6Az -

21A3 + 71A4 + 229A;5 - 37As + 13A7 - 3A) using the values of the eight

25 nearest image pixels (A1 to Ag) situated at unit horizontal and unit vertical
locations in either the row or the column containing b, b? and b® and
disposed symmetrically about % resolution sub-pixel b%. The
asymmetries in the filter coefficients used to obtain intermediate values




11052052052 7, 1516520521652 10, 1216680521652 6, 8, 1448680521632 1633030306
Avera al9372321328.25 Table 1: Conplexity of 1/4 resol ution sub-pi xel
interpolation in TM.5, TML6 and the nethod according to the invention. 5
It can be seen from Table 1 that the nmethod according to the invention
requires fewer 6-tap filter operations than the sub-pixel val ue

I nterpolation nethod according to Twhg and only a few additional |inear

i nterpol ation operations. Since 6-tap filter operations are much nore

conpl ex than :T(\B’% b%%%éoﬂéﬁto?gbgt&&%&ﬂﬁﬁég 0N8 Aﬁh%e?m héivically the two

met hods is sinilar. val'ue Interpol ation thod according to
TML5 has a conecated adithyreshegihter % cresplutien tsub-piieds pr efngr b'e dFinatbaéiasent f or

i nt erpol ati ng sub-pi xe] g;wi to % pi.xel 15 r lk ut,ion, Ml locaow be
descri bed wit HOF %#@P*éﬁ@ 't'ﬁi'g'gﬁ?r&c 1at§§ 35?,?{85'538%{ gJPé" %%)r{rzessgent s the
nomencl at ure ugiglet Medessratdres RAbN6les, diliioneaithutruseationl @l xedult, isl/ 4

resol ution sub-pixels and 's resolution sub-pixels in this extended

appl i catPon ofclipped litiBdhe &angedPngdslo the invention. 20 1. Values for the
1/2 resolution and 1/4 resol uti on sub-pixels labelled bl, b2 and b3 in

Figure 20 are obtained by first calculating internediate valyes bl= (-3Al
+ 12A2 - 3783+Vaaeibr tiid YASsolutiongnd %6 Agsoluli) sulppixels(laballedic’, 82 20- 39A3+

“U306 + 1347 L B A pre Ao TR R R f i & 51E B WeBr et Pidge pixels
(AL K0 58) o1 Chapedafby Uik D91 20BBl ARkl Y Pacal o o5ghl ane 1
fiver et i it Jeln! PO RO R LB (G R A B PES06 5

6b) - 21b] + 71b] + 229b! - 37bi. + 13b} - 3b] + 32768) / 65536

using the intermediate values b, v¥ and b® calculated for the eight

closest sub-pixels (by to bgl) in the vertical direction, sub-pixels b/ being

situated in the column comprising the % resolution and % resolution sub-

15 pixels ¢ being interpolated and disposed symmetrically about the ¥
resolution sub-pixel ¢&. The asymmetries in the filter coefficients used to
obtain values for sub-pixels ¢! and ¢ account for the fact that sub-pixels
by to bd are not symmetrically located with respect to % resolution sub-
pixels ¢" and ¢¥. Once more, operator / denotes division with fruncation.

20 Before the interpolated values for sub-pixels ¢! are stored in the frame
memory they are clipped to ke in the range [0, 255]. In an alternative
embodiment of the invention, ¥ resolution and % resolution sub-pixels c
are calculated using in an analogous manner using intermediate values
b, b” and b’ in the horizontal direction.

25

3. Values for ¥ resolution sub-pixels labelled d are calculated using linear
interpolation from the values of their closest neighbouring image pixel, %2
resolution or % resolution sub-pixels in the horizontal or vertical
direction. For example, upper leftmost ¥ resolution sub-pixel d is

30 calculated according to d = (A + b’ + 1) / 2. As before, operator /

indicates division with truncation.




b' and b3 account for the fact that pixels A to A8 are not synEMAYCcahisy
| ocated with respect to % resolution sub-pixels b' and b3. Final values
for sub-pixels b', i=1, 2, 3 are calculated according to b' = (b'+ 128) /
256 where the operator / denotes division with truncation. The result is
5 clipped to lie in the range [0, 255]. 10 2. Values for the 'h resolution
and la resolution sub-pixels labelled4g', i, j = 1, 2, 3, are calculated
accordingtoc'' = (-3 b," + 12 b2 - §§ b; + 229 b4 + 71 b5 - 21 b6 + 6 b;

- b8+ 32788AudiSesy r6<diutidn Subtpixels hBeld e3dlars chixdtidted ubmg bS5 - 3914
+ 12 b; - 3 be + 3276 / 65536 and+ 6 14- 21 bb + 71 14+ 229 b5 - 37 65 .

+ 13 b; - 3 bdineaBRiEpdlalitd Hidon tise vgluekeofi intagenpisélat & wedoldionbor, ¥%4b2 and b3
calculated for _the. eight .c]asest sub-pjixels. (bl to b8ji) in t verti cal
it oot o, sutessiir.shlpiseisrg e cfatnBlSFriche oo FSRmPleh RIS the va
resol ution ancgigdra Zesgpet iemestopikél P ¥esslution ebpixel ¥ By paibabied and

di sposed symmetrically about the Y2 resolution sub-pixel c2j. The

asymmet r5 es i racotvdirtg toteer (l2'oebt + d) ABt Theidiagonat ditsstian to baluged irf the

sub-pixels c''._.an | aegc rt fac sub- pi to bd are
not symetri cé?tlg?%ﬂ%%?t é’g %% %Zs{?ésgﬁ-‘_t'f’_ﬁ %Péjbj%eéo%utéaoﬁr?g{s_ﬁg?%%gel s c''
and 0. Once NM¥nfhodRRBREALP the HRRAISS, HeYdiSafdt Vefbhed " 1NGRL IstBlerd Before
the interpolated values for sub-pixels c" are stored in the frane 25 nmenory

they are clipprethed 1., is indicated inafigare @1{(@salugs, fatn Xaresalvtian §dab-
enbodi ment of the jnvention, Y2 resalutiopn and Y4 resqlast i uh- pi xel s c"
are cal cul at e(ﬂ"’ﬁ?& k@e ?f} Qrﬁrﬁrﬁ.ﬁ%%ﬁgtﬁg a}?ﬁﬁﬁﬁ’?g {9 (}ls‘n"f nghﬁg{ 3‘ \??Fues b',
62 and P i n taheayRordpesitbal dBridtssd idiision . witilii@safian. Ih hasalerhative

sub-pi xel s labell'ed d are cal cul ated using |linear inter oI.at*on fromthe
val ues of t heiefkadigent ohdhgnBbeRiioR, NeerjealinixepleTed 10 @solRIPIEHRdor * /
resol ution subydihh§loS dothguttidHey béﬁib‘iéi&tﬁ% firfidr redliced by StbsUlatingo"
exanpl e, upper leftnost Y. resolution sub-pixel dis 30 calculated
according to df=regplution'sub-pixels fousing linenoirterpsiationt teny 2 rerplwivnes
division with 8 e b0 Mhats addoraiag 1 the relationship f = (3b% + b2 + 2) / 4.
15 The b? sub-pixel which is closer to f is multiplied by 3. The diagonal
interpotation scheme used in this alternative embodiment of the
invention is depicted in Figure 21(b). In further alternative embodiments,

different diagonal interpolation schemes can be envisaged.

20 It should be noted that in all cases where an average involving pixel and / or
sub-pixel values is used in the determination of ¥ resolution sub-pixels, the

average may be formed in any appropriate manner. The addition of 1 to the
sum of values used in calculating such an average has the effect of causing
any rounding or truncation operation subsequently applied to round or
25 truncate the average in question to the next highest integer value. In

alternative embodiments of the invention, the addition of 1 is not used.

As in the case of sub-pixel value interpolation to % pixel resolution
previously described, memory requirements in the encoder can be reduced
30 by pre-calculating only a part of the sub-pixel values to be interpolated. In
the case of sub-pixel value interpolation to ) pixel resolution, it is

advantageous to calculate all % resolution and % resolution sub-pixels




76 4. Values for Y. resolution sub-pixels labelled e and f aretdhll 2806d
using linear interpolation fromthe values of imge pixels, '"h resolution
or '/4 resolution sub-pixels in the diagonal direction. For exanple,
referring to Figure 20, upper |leftnost pixel Y. resolution sub-pixel e is
calculated 5 according to e = (b + b'" + 1) / 2. The diagonal direction to
be used in the interpolation of each+% resolution sub-pixel in a first
preferred enbodinment of the invention, hereinafter referred to as
"preferred | t b (7 JUFSORAOR) su/GkUIBSn A oR2

resol ution gu Bg‘??é é'lsnd g)bg?ﬁgg@g@%rléé cal ’guF%togg acccl))rglkﬁg tog = (A + 3c22
+ 3) [ 4. Adeififandlfastyion, @rwewabnrthéyaterreqmecmWhemtmsappfmabhumtwten,on I n an

| t ti di t of the i tl |
or of orr ed DR RBdnrpoaion e AGRo wBhse dIES 314 ey Adkardnd i by

i nt erpol ati fyenifon rr@é@iwtw)&m@gbm »fhmal pitiined Mdn@gr td Bt pdlatd on from
'/2 resolution sub-pixels b2, that is, according to the relatjonship f =

(3b2 + b2+2)Jgselutipn pnd 1% @sawgp&esulmxeh values. oHewevey, 1 if | hemglirech j ed by
3. The diag e | tyek N e odi nent
of the mvgﬁg‘]pglrét?é Wh e%b ?‘ﬁ I gure 1('%) TUE.J?é ?’urtﬁéﬁ @érhgl %Nggtr)\atlve
enbodi ment smte@n&fdnﬁeevalu@ t;gdhal‘/é irasalulingl and 34 pixgheeeuiiem sile-piels saged. 20

[ shoul & DRughEideh. 1ol iSRGl o feR e ARt 2.

sub- pi xel s, ptéwsuom\aaﬂatgm m!tbm feoreetbry nequiyerapntr 4 tinetsethah foethe The
additio of 1t val ues used in calculating such an average has
the eff g‘?zt BT'Q'Eahé‘Pﬂd”teWtfe‘adﬁﬁﬁ%g or truncation operation subsequently
applied to round or 25 truncate the average in question to the next highest

integer value, In alternative enbodinents of the invention, the addi tion
of 1 is notInthedfolipwing, theygomplexity pf hersuh-Rixet yalpadntemalation methad to * / 4

pi xel resol H&(‘éﬁgiggplro eofr‘n%ﬁ(tlcq‘f’Wérpﬁgpilééeﬁpéywé&ﬂPb?ﬁ%@i‘?&fﬁél?&lg{& encoder ;

can be reduce re-calculatin a part o s val ues to
be i nter pol waluds fmmsun-pmebasalmto Htpixsl xesolvtionyds campapas withdhat of % pi xel

resol ution, mlﬁ%ﬁag,‘éﬁm%a o used i TMLEEna TMLel S e ShiivRleA™

analysis for % pixel resolution sub-pixel value interpolation described above,
it is assumed that in each method the interpolation of any sub-pixel value is

‘performed using only the minimum number of steps required to obtain a

correctly interpolated value. It is also assumed that each method is
20 implemented in a block based manner, such that intermediate values
common for all the sub-pixels to be interpolated in a particular N x M biock

are calculated only once.

Table 2 summarizes complexities of the three interpolation methods.
25 Compiexity is measured in terms of the number of 8-tap filter and linear
interpoletion operations performed in each method. The table presents the
number of operations required to interpolate each of the 63 } resolution

sub-pixels within one 4 x 4 block of original image pixels, each sub-pixel
location being identified with a corresponding number, as illustrated in
30 Figure 22. In Figure 22, location 1 is the location of an original image pixel
and locations 2 to 64 are sub-pixel locations. When computing the average
number of operatio'ns, it has been assumed that the probability of a motion

vector pointing to each sub-pixel position is the same. The average



77 before-hand and to conpute val ues for X resol ution sub-pixel § { iiéh 2686
demand fashion, only when they are required. Wien this approach-is taken,
bot'h the interpol ation nmethod according to TM.5 and that according to the

i nvention require 16 tinmes the original picture menory to store the "h 5
resolution and 1/4 resol ution sub-pixel values. However, if the direct

I nt erpol ati on net hod according to TMLGgl s used in the sane way,

i nternmedi ate values for the "h resolution and 1/4 pixel resolution

sub-pi xel s cBhplexity iSiHisGHe aw%a@ dfﬁﬁ@éﬁ%h%&l&&éﬂéﬁ%ﬁéﬁ‘cﬁ%Pﬁc@ﬂt ed with
32-bit precision and this resul'ts in a nenory requirenment 64 tinmes that
for the 10lasatign aad thesingiefulbpixel lcation.mage. In the fol l owing, the

conpl exity of the sub-pixel value interpolation method according to the

i nvention, when applied in a videokdecoder to calculate values for

sub-pi xel s at up to y pijxel fgsolutio s cp i tih f 5 the

I nterpol ati pn schenes usied |§E M5 Q-TELG ”ﬂﬂ@ﬁﬁ? e eqﬁﬁégrgnt anal ysi s
for / pixellresolution sub-pixel v Iue i nt er hol M#thesd ddscMetedi2apbve, it
is assumed |bahtidnn each masod-tdphel inbi ¢BRY af e Pé-tapny lissth{@ixel | val ue is
perfornmed uging only thernininun1nunber of sifeps fequirled tg obtaln a
correctly i pterpolated—valuel—tt Hsal-$o—asshiedthat—gach—ethod] i s 20

i npl emented|{in a bl ock Hased{fannef¢ sbtéh tha® i nt@rneditat e |Wal ues conmon
for all the 54 91955@3 g belipterppl ajeg in é pafid cullyy N|xgM bj ock are
|

cal cul at ed JHI once—Tabtre——sumpurtz¢s—conmprexrttes—qf—thg—tiree
i nterpolatip 338dE39. [ 5 CHfPl exfly i 89 meaklir ed| h t di%s dfCt he| nunber of
8-tap filtef 5@5};;}55I i near |[i ntedpol 2tf on @perat{ons perforlned ijn each nethod.
I Nt
|

The tabl e pf S The NOEr,_. of loper L L. ons Uj 1.ed t ol ht e each
of the 63?/ 535@@ wtion | Bub A% el K it obl€ 4 L8, il de, "800, i nal

| mage pi xel 54,6884¢h sub- pitel |32 ocalk® on me| ng| 1&lent3X i ed i t hh 38
corr espondi ngo{ngMr ay 4ol | us,&ratolﬁg | 1630 M pure £2. | NeFi guse 2P,

| ocation 1 re—tocatifon—of—an gra— T pge prxci and—Hocatipns 2 to

64 are sub- W‘e’tﬂﬂ@@éﬁ%ﬁ@ @n cldhpul BAg t ht6 avie®hge | BunihdP of
oper ati ons, 1524t'g§s;0@gg@ algsuqn;zgl t hlag t heg probapi | féyy ofl 1@ mMptspon | vect or

pointing to 1214”605650 P, PPSis o S| 50 SR |4 2996597 a2
26,32,42,48 322 lis |o |eo0 16 |32 16 |32
20,22,36,38,5254 {16 {120 |0 [e0 16 |76 - |16 |76
27,29,31,43,4547 116 |76 o |60 16 |76 16 |76
28,30,44,46 32 (152 |0 |60 16 |60 16 |60
Average 64 |29025]0 119775 |48 {21475 |48 |19275

Table 2: Complexity of ¥ resolution sub-pixel interpoiation in TML5, TML6

and the method according to the invention. (Results shown
separately for Preferred Method 1 and Preferred Method 2).

10 As can be seen from Table 2, the number of 8-tap filtering operations
performed according to preferred methods 1 and 2 are, respectively, 26%
and 34% lower than the number of 8-tap filtering operation performed in the
sub-pixel value interpolation method of TML5. The number of linear
operations is 25% lower, in both preferred method 1 and preferred method

15 2, compared with TMLS, but this improvement is of lesser importance
compared to the reduction in 8-tap filtering operations. It can further be
seen.that the direct interpolation method used in TML6E has a complexity




1 0 MAY 2006 5 78 conplexity is thus the average of the 63 sung g gt ed
for each sub-pixel ||ocation and the single full-pixel |ocatiaon.
TML5TML6Preferred Preferred Method 1Method 2 Locationlinea 8-taplinea
8-taplinera8-taplinear8-tap r.r. 100000000 3,5, 7,17, 33, 49016016016016

19, 21, 23, 35, 37, 39, 060060060060 51, 53,55 2.8,9,57161601616161616

4,6, 25,41163201616321632 10, 16, 58, 64324606016321632

11, 13, 15, 59, 61, 63166006016601660 18, 24?, 34, 40, 50, 56167606016601660

12, 14, 60, 62334200004 6321 632 paf erbieBARINGROQ1634163hhen used to

20, 22, 36, 38, 52,541612006016761676 27, 29, 31, 43, 45, 47167606016761676

28, 30, 44, 4631eBpRide v8lves 6874 AesoluinresiopixQls0197. 7548214, 7548192. 75 Table 2:
Compl exity of ye resolution sub-pixel interpolation in TM.5, TML6 and the
met hod according to the invention. (Results shown separately for Preferred

Met hod 1 angh Biedf 6f fHROfoMdiRs! déderiptidnAbwiliate BoideReE & pemedmbkifedZin t he
nunber of 8-tap filtering operations L
5 the art that various modifications may be made within the scope of the
invention. While a number of preferred embodiments of the invention have
been described in detail, it should be apparent that many modifications and
variations thereto are possible, all of which fall within the true spirit and

scope of the invention.




performed according to preferred nethods t and 2 are, respectively] M@01E
and 34% | ower than the nunber of 8-tap filtering operation performed in the
sub- pi xel val ue interpol ation nethod of TM.L5. The nunber of I|inear
operations is 25% Il ower, in both preferred nethod 1 and preferred nmethod 15
2, conpared with TM.5, but this inprovenent is of |esser inportance
conpared to the reduction in 8-tap filghering operations. It can further be
seen that the direct interpolation nmethod used in TML6 has a conplexity 1 0
MAY 2006 790Ug?qgarable that of both preferred nethods 1 and 2 when used to
I nterpol ate values for/ resolution sub-pixels. In view of the foregoing
description it will be evident to a person skilled in 5 the art that

various nodifigati.on be de within.the f. the | ion. Wile
a nunber of 1pé%?%@°ﬁ%ﬂ?'ﬁgﬁ?éﬂ5‘999ﬁ@dwg\/'re'?l@ﬁ@ﬁaﬁé’\'/‘éggﬁgg%%g'tggcri bed in
detail, it plxeld srrésgeiparowdt and abluffByarib tipreosemited bg vailsks Navingiti ons
thereto are possible, all of which fall within the true spirit aald scope
of the iPvefbPp@tied grramigo@nge. theapixglsin ft\erre’tvﬁdas'emi@k%'ﬂ'gbpa%q'ﬁ in video
coding i n WRicahoahd ML pHERNRI AL RBlrRis RRiR ARGMIEGrital G¥RiRAdsCOl uMmS
and represented by val ueg aving a 5 specified dynamc range, the pixels in
t he rows refitefipntpted tongenetrade ivatussalor subgqindlo @t fiagtional hqrizestad and t he

colums resjidin t unit wertical locati v ol inter d generate
ol uostor - uEHeE FieatPhd. 2, ek Bond RO and el CBERRiR phRgeTOrC P
fractional HefinetpatcdrdingdoVigrt welre kas at paitivebiaicger hdeingne thaxtramndi ng to

1/ 21, where x is a positive integer having a nmaxi mum 10 value N, the

net hod E@np¥alee iy the meichcrBPHROf or sub- pi xel s-at 112" unit hori zont al
f‘ggafi“i)tnsvggzyvﬁgén yhf&%é%?%b-ﬁﬁﬁs Ugti §7oRoN RO ontd] dadd initu Réricaier ti cal
quired, 1nterpolating such values directly using wei ghted
sums of pi xkcationss iasidngnibhorizomtal angk 1/26huait veridallecationsr atecrgquiredat i ons;
interpolating such values directly using weighted sums of pixels residing at
unit horizontal and unit vertical locations;
15 b) when values for sub-pixels at 1/2"" unit horizontal and 1/2™" unit vertical
lbcations are required, interpolating such values directly using a choice of a
first weighted sum of values for sub-pixels residing at 1/2*" unit horizontal
and unit vertical locations and a second weighted sum of values for sub-
pixels residing at unit horizontal and 1/2"" unit vertical locations, the first and
20 second weighted sums of values being calculated according to step (a); and
c) when a value for a sub-pixel situated at a 1/2" unit horizontal and 1/2" unit
vertical location is required, interpofating such a value by taking a weighted
average of the value of a first sub-pixel or pixel situated at a 1/2™™" unit
horizontal and 1/2™" unit vertical location and the value of a second sub-
25 pixel or pixel located at a 1/2%° unit horizontal and 1/2™" unit vertical
location, variables m., i, p and q taking integer values in the range 1 to N
such that the first and second sub-pixeis or pixels are located diagonally

with respect to the sub-pixel at 1/2" unit horizental and 1/2" vertical location.

30 2. A method according to claim 1 wherein a first and a second weight are
used in the weighted average _referred to in (c), the relative magnitudes of

~the weights being inversely proportional to the (straight-line diagonal)




15 b) when val ues for sub-pixels at 1/t' unit horizontal and 1/0" (ufAY 2008
vertical locations are required, interpolating such values directly using
a choice of a first weighted sum of values for sub-pixels residing at 1/2"
unit horizontal and unit vertical |ocations and a second wei ghted sum of
val ues for sub- pixels residing at unit horizontal and 112N' unit vertical

| ocations, the first and 20 second weigght ed suns of val ues being cal cul ated
according to step (a); and c) when a value for a sub-pixel situated at a

172" unit h@?é)&:ﬂﬂ%fﬁf t@@ﬂrsya% {hal éeco»seréubc:ﬁkeﬂ&cmém tre éﬁtﬂlebEdt
interpolating such a value by taking a weighted average of the value of a

first sub- pilfunirhgsizeetal emd uﬁ'&&ﬂ@ﬂl lacatikgwm unit hori zontal and 1/2" unit
vertical location and the value of a second sub 25 pixel or pixel |ocated
at a 1/2" unit horizontal and 1/2" unit vertical |ocation, variables rr,,

01, p and g3t AkinBthodricegrling/ & tisn Ppwhbrein #ng eitdation Whegytte. firsthatd t he fir st
and second sub pi xel s or pixels are |ocated di agongthldgwé%nth res ect to t he

sub- pi xeP ather ssconghisubipixal RmPiXe! 3Ry SYmmetieally| log Eﬁ%pegio
met hod accog&;e UiBistaft Glofl)Mnk %@Jgsaeﬂ ) 1‘/2* ﬁ}maﬁ&;z%nwcaﬂ@ V9% qBkicar © used
d average r eferre

in the weight to In , the relative magnitudes of the
wei ght s bei ingation.ghe &irsp apdepoend waights ba\tm@qqaévalaeght -line diagonal) 10
MAX 2006 81 proximty of the first and the second sub-pixel or pixel to the
sub-pixel at 1/2" unit horizontal and 1/2" vertical location. 3. A nethod
according ta. ¢l miethod aww:ﬁgﬂoiamyaprsbédiagicMinN\lnewBichhhefﬁrBBWe@hebd 5 the

second sub-pi xel, or pixel are symetri Ly | gcat.ed th re
(equi di §¥ anfumSipluasdossp- B’i"ﬁ'@lreﬁf""ﬂ/aé"u%run|”P'tﬁ"6’|"F961m gpd é’HgQ’ ﬁfﬁ verti cal

| ocati on, 1t Reafibhsin sﬁéﬁ'bf%‘iﬁ@a wmrwbébiﬁwﬁapﬂw urfBhdiffontd-an 72t hod
according to any preceding claimin which the first weighted 10 sum of

val ues for yuibvgmallgcat@suiamym&d 1/2" unit horizontal and unit vertical

| ocations in step b) is used when a sub-pixel at 1/2"' unit horizontal and
1/2N wunit vertical location is required. 5. A nethod according to any
precedi ng cbaAméthotacedrdingeto 2@9 precedingtitivslin whick uhe sécord wetghfenf

sub- plxels resi at_ unit hOI’IZO tal and 1/2" it L1 C | ocations in
Sten byT3s BEBE WAL oG pROGIreS NG s U forizenal a i E wAf vergar
locations in step b} is used when a sub-pixel at 1/2" unit horizontal and 1/2**

unit vertical location is required.

6. A method according to any preceding claim in which, when values for
20 sub-pixels at 1/2" unit horizontal and unit vertical locations, and 1/2"
horizontal and 1/2"" vertical locations are required, interpolating such values _
by taking the average of the values of a first pixel or sub-pixel located at a
vertical location corresponding to that of the sub-pixel being calculated and
unit horizontal location and a second pixel or sub-pixel located at a vertical
25 location comresponding to that of the sub-pixel being calculated and 1/2"%

unit horizontal location.

7. A method according to any preceding claim in which, when values for
sub-pixels at unit horizontal and 1/2" unit vertical locations, and 1/2%" unit
30 horizontal and 1/2" unit vertical locations are required, interpolating such
values by taking the average of the values of a first pixel or sub-pixel

located at a horizontal location corresponding to that of the sub-pixel being




unit vertical location is required. 6. A nethod according to any @r;@g\ecg{]g@
claimin which, when values for 20 sub-pixels at 1/2" unit horizontal

unit vertical |ocati ons, and 1/2" horizontal and 1/2" vertical |ocati ons
are required, interpol ati ng such values _ by taking the average of the
values of a first pixel or sub-pixel located at a vertical |ocation
corresponding to that of the sub-pixelgsbeing cal culated and unit -
horizontal |ocation and a second pi xel""or sub-pixel |ocated at a vertical

25 | ocationg ﬁhfa?épggk?jhﬁﬁ veRi ctaEI%E: ngn&’taﬁé%oﬁﬂ el B?%UE@?)@rllfdéla?é(?d and

1/2"" unit orlzont oca ordin y preceding
claimin V\/matha vdreontahl| Ioeatldmrcorreaperpﬁuxglm shatuof tthﬁowlxptxehlbemﬂj 1/ 2"
unit vertical %ﬁ%}locg% N'I unltt 30 horizontal and 1/2" unit
vertical |oCaFF ?eqH'i“Fg 'c?r{?@ﬁf}r ating such values by taking the
average of the values of a first pixel or sub-pixel I|ocated at a

hori zontal |ocation corresponding to that of the sub-pixel being, 1 0 MAY
2006 82 S5caBedimetbad ageor@ing tovaswtpresgding laim dhwhicd \@l%%f@ﬁaulme@ﬁs or

sub- pLxel | GFlechhel il 485114 LA 3o SREGIPUR by O L1

sub- pi xel bel ng vertilca A net hod
accordi ng ttalmg/tnmrmalgmgf valaesnof & pikeldocated aé s drot hemzprqtm)eeﬂdsunzht 1/ 2"

it hori zont L2 ol Sverti cal Logat t ernol af aeh b
aki ng t he. dearaBcaiory an eyt oe Bfued SR 0yt Bl AN o and

unit verti galt ve@eatibédtionand a sub-pi xel located at a 1/2" unit horizontal
and 112""'" unit vertical location. 10 9. A nethod according to any
pr ecedi h@; claimin which values for sub-pixels at 1/2" unit horizontal and

112" uni U Ve) hikhol GEQl e drBLSIAFLAIth Rtior i o By B0 of

val ues of a sub-pl xe unit horizontal and unit vertical
| ocati on, aatl 1[£"suubt bov(zﬂnta!oam dd2"atnib vertical loations @ natacpoleﬂtéd By2"' unit

tical t |, whi ch
val ues 1t or *Teine B Vet Bvaiss LS SUEER IGal i FEENLAR nEfbleL” Ui ¢
vertical | ogagiudmsveicl location, and a sub-pixel located at a unit horizontal and

15  1/2"" unit vertical location.

10. A method according to any preceding ciaim in which values for half of
the sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations are
interpolated by taking the average of a first pair of values of a sub-pixel
20 located at a 1/2™" unit horizontal and unit vertical location, and a sub-pixel
located at a unit horizontal and 1/2™* unit vertical location and values for the
other haif of the sub-pixels at 1/2" unit horizontal and 1/2" unit vertical -
locations are interpolated by taking the average of a second pair of values
of a pixel located at a unit horizontal and unit vertical location, and a sub-
25 pixel located at a 1/2"*' unit horizontal and 1/2" unit vertical location.

11. A methoed according to claim 10 in which values for sub-pixels at 1/2"
unit horizontal and 1/2" unit vertical locations are alternately interpolated for
one such sub-pixel by taking the average of a first pair of values of a sub-
30 pixel located at a 1/2%" unit horizontal and unit vertical location, and a sub-
pixel located at a unit horizontal and 1/2™ unit vertical location and values

and.-for a neighbouring such sub-pixel by taking the average of a second




interpolated by taking the average of a first pair of values of «?Qs;gmm'@g@l
20 located at a 1/0" unit horizontal and unit vertical |ocation; and a

sub-pi xel located at a unit horizontal and 1/2""' unit vertical |ocation
and values for the other half of the sub-pixels at 1/2" unit horizontal
and 1/2" unit vertical |ocations are interpolated by taking the average of

a second pair of values of a pixel I%%at ed at a unit horizontal -and unit
vertical location, and a sub- 25 pixel®located at a 1/2"" unit horizontal

and 1/2" unjt; ' e Ak | d i : k10 in

whi ch val ue g"r'g’f{'é'ﬂgggf é&%@e‘i !3??: Bﬁfgf%afa@r]ﬁqﬁljﬁ%@on a'ﬁ-hand{ '%Ig(&dyggell’t verti cal
| ocati ons aanda sabipitet|igcated et pol 1#2"E durdib horipordals andh 192/0- paik ekrtiogl t aki ng
the average of ,a first pair of values of a sub 30 pixel located at a 1/2"
unit hori zolf8®%nd unit vertical location, and a sub- pixel located at a
unit horizontal and 1/2" unit vertical |ocation and values and for a

nei ghbouri n? such sub-pi xel by taking the average of a second, 1 0 MAY 2006
83 pai r5of 1%afumethsid acenrdiay toodlgired Tain whiohi thensub-pixatsant Afd umt ¢

vertical | ogakd = Dl I ed a v uni Is tal and
1/ 2" wunit vg%}idgg?l arfd;gé&f‘i %ﬂj\?v%ﬁ:ﬁ%ﬂ_ loﬁgfrfr@isl*n%r élct:%g%ai?ynémg@to@%? r'# %2 in which
t he sub- pi xbbdzaattaldi2ttiomi t  horizontal and 1/2" unit vertical |ocations

are alternately interpolated in a horizontal direction. 13. A nethod
according to any preceding claimin which when values for 10 sone

sub-pi xel s a8, A/.%btﬂéaiécc@%ihg@@ta% Pededing cidimi ih WRiEhiviRn LaGas fems are
requi red, such values are interpolated by taking the average of a plurality

of neal@st semaegvboRixela gt /X etait honzomahang Ji awnibreitical losations dieecedi ng

claimin whigh. N:;egqual | nt. ' f i isting of
o ool SR, gl bR AFRRRYH S8R dishurirde ! 19, 0
whi ch i n at néarast neigibafringgibegls.a) and step b) interpolating sub-pixel

val ues directly using weighted suns involves the cal culation of an
i nternedi ate val ue for the sub-pixel 20 values having a dynam c range

greater t ham.tmﬁqeiﬁw&éécﬂﬁngxaéﬁ]}‘brém cld®n inAviiBh Wé’q@é@@ﬁ (ﬂité@ert o claim
15 in which the internedi ate value-for a
15 selected from a list consisting of the vailues 2, 3, and 4.

15. A method according to any preceding claim in which in at least one of
step a) and step b) interpolating sub-pixel values directly using weighted
sums involves the calculation of an intermediate value for the sub-pixel

20 values having a dynamic range greater than the specified dynamic range.

16. A method according to claim 15 in which the intermediate value-for a
sub-pixel having 1/2%' sub-pixel resolution is used the calculation of a sub-
pixel value having 1/2" sub-pixel resolution.

25

17. A method of interpolation in video coding in which an image comprising

pixels arranged in rows and columns and represented by values having a

specified dynamic range, the pixels in the rows residing at unit horizontal
locations and the pixels in the columns residing at unit vertical locations, is
30 interpolated to generate values for sub-pixels at fractional horizontal and

vertical locations, the method comprising:




sub- pi xel having 1/2" sub-pixel resolution is used the calculabLgnMQf 2006
sub- pi xel value having 1/2" sub-pixel resolution. 25 17. A nethod of

i nterpolation in video coding in which an i mage conprising pixels arranged
in rows and colums and represented by val ues having a specified dynam c
range, the pixels in the rows residing at unit horizontal |[|ocations and
the pixels in the colums residing at  unit vertical |ocations, is 30
interpolated to generate val ues for sﬁ -pi xel s at fractional horizontal and

verti cal . I_.hg By val ues for
sub- pi xel s %fw{% Va'%’lg% ﬁgl’l zgp'?(g'gpéin%aﬁn}'??v% @?%@gca |ons and uni t
hori zont al laodtidral, fandninit taelriiom@ll and talf iunitsvertieal rIecmlonedare reqﬂmd)ol ating
such val ues, direct Ia/§u5| n &d Suns Q i,xel s reS|

hori zont al SHRIPRIRY such v HPSI ¥ H3eg W'%’?tgﬁﬁé'ms\/%fl rt'fé g?'glg‘glf'ﬂpl xel s at

hal f unit h@rﬁntﬁ@ﬂ‘ﬁo@uial%ﬂ@ldﬁﬁ'vﬁeﬂi&&l focéfiéitd;cal | ocations are required,
i nterpolating such values directly using a weighted sum of val ues for

sub- pi xéf s bewhanvglugs feaisubpixeals fad hakowrib hodzentainand halftynitaverticdcat i ons

oot co PERGITL AR SRl el Rboafh shin VAR PlHAER oM. 310l S
required, lmrﬁrqwhmesrig sulspixyis| resigirigyatt lsdf ot hbkzontalemabenibtertitall east one

pair of a flrst alr al ues._ of a sub-pixel located at a half unit
hori zontal 'QRaf '%’g?rt?géﬁwﬂmsépl%?f) Paa sub-pi xel located at a unit

hori zont al @”ﬂh@ﬁ'Jaldé%' for Vbl ik A0SR uAn HoAzSRAIOAAd RitjaftePiunital ues of a
pi xel located at a unit horizontal and unit vertical l|location, and a

sub- pi xd)  vsticaclecalipnst aee Heavirerhi intetpelialingtaichamaluaal by liﬁ’f-'t'g viBet i cal
ovatt o o Breread'Bt B08atodd VaF BOL Blatdhin & VAR oL QU Bkl | TR0

conpri sing p|x arrange mms and resente y val ues
havi ng a saodaalffunﬂd-nodzoam and anger;erttdaélq@ahm sancha tshb-mxn{/docaad dtag at unit
ums t unit

h tal 2Q Jocat th
Vert | oal 1 gant heontal ana Al sl seRceflcbaligh HES aieetad ek of sABSofhi xel & a
fractional ;Flﬁ’él' 188atka lat QﬁGn:t Wefizdral andPbak veRRal [dR8tidr,afid anb-girgli zont al

and verti cal | ocati ons bei ng
15 located at a half unit horizontal and half unit vertical location.

18. A method of interpolation in video coding in which an image comprising
pixels arranged in rows and columns and represented by values having a
specified dynamic range, the pixels in the rows residing at unit horizontal

20 locations and the pixels in the columns residing at unit vertical locations, is
interpolated to generate values for sub-pixels at fractional horizontal and
vertical locations, the fractional horizontal and vertical Jocations being
defined according to 1/2" where x is a positive integer having a maximum
value N, the method comprising:

25 a) when values for sub-pixels at 1/2"" unit horizontal and unit vertical
locations, and unit horizontal and 1/2™" unit verticat locations-are required,
interpolating such values directly using weighted sums of pixels residing at
unit horizontal and unit vertical locations;

b) when a value for a sub-pixel at a sub-pixel horizontal and sub-pixel

30 vertical location is required, interpolating such a value directly using a
bhoice of a first weighted sum of values for sub-pixels located at a vertical

location corresponding to that of the sub-pixel being calculated and a




defined according to 1/2x where x is a positive integer having %j@pﬂmﬁummﬁ
value N, the nethod conprising: 25 a) when values for sub-pixels at 1/2"
unit horizontal and unit vertical |[|ocations, and unit horizontal and unit
vertical locations are required, interpolating such values directly using
wei ghted suns of pixels residing at wunit horizontal and unit vertical

| ocations; b) when a value for a sub-pikxel at a sub-pixel horizontal and
sub-pi xel 30 vertical location is required, interpolating such a val ue
direct!y sk weilities Qim il Laibs "Bt CllbFiixey MoBhtoUaht! @S hbRForRAID- pi xel s
| ocated at a vertica ocation corresponding to that of the sub-pi xel

bei ng cal culogsateh eerdespobdirg3o thatcyiie arl-ginebbeing galsulaled.ues for sub- pi xel s
| ocated at a horizontal |ocation corresponding to that of the sub-pixel
bei ng cal cul ated. 19. A nmethod according to claim 18 in which the

sub- pi xel s ygeAl méthdbdactoriifig toTiail g iredhihnhasabideipuxed i thedirsti ng at
1/2N4 unit horizontal and unit vertical |ocatjipns and the first weighted

sumis usedweightedt SUPDIaLe SUD-RiXpIgeresiding Ats e piupll hefizopial ang, iyt

hori zont al /185t anPilel i3l WoRftdd 8lly R0ysh 1BEHRASARCARAIRY 0 cl ai m
18 or clai meéfgci&inlas\ﬂ% at'ﬁ)g sufg?pwg S userdn 10s in the second wei ghted sum

are sub- pi xfer s subspinélreg 142" wnitthorizentabandil/23 noit vedicaliatatiorer t i cal | ocati ons
and the second weighted sumis used to interpolate a value for a sub-pixel

at 1/2" unit horizontal and 1/2"' unit vertical location. 15 21. A nethod

accor di ng t g anynethod hétdrBingdo cRiMOA 8 dr oMine 19 whwhich athaelssh-pixels wws- pi xel s at
1/2N unit horizontal and 1/2" unit vertical |qcations _are required, they

are i nt B poinathegsespnd neightedrzum ase syB-Rixels residing at st brizontat ands i st pai r
of val ues of/pf Sk BbrtiRal WRERORY difd el /oohd! WielBRfel afifls 338d ! ¢

vertical location, and a sub-pixel located at a~“unit horizontal and 1/2"
unit verti cinterpolate@avaioe fend sub@behdtpHR! wit herzestal ginda 1A xainitl ocat'ed at
a unit hori zo*ﬂ I :im% unit vertical location, and a sub-pixel |ocated at a
1/2" unit h¥f '(Z%\r*?%ﬁ'o and 1/2" unit vertical location. 22. A video coder
for coding an image conprising pixels arranged in rows

15 2t. A method according to any of claims 18 to 20 in which when values for
sub-piicels at 1/2" unit horizontal and 1/2" unit vertical locations are required,
they are interpolated by taking the average of at least one pair of a first pair
of values of a sub-pixel located at a 1/2* unit horizontal and unit vertical
location, and a sub-pixel located at a unit horizontal and 1/2"" unit vertical

20 location and a second pair of values of a pixel located at a unit horizontal
and unit vettical location, and a sub-pixel located at a 1/2"" unit horizontal

and 1/2*" unit vertical location.

22. A video coder for coding an image comprising pixels arranged in rows
25 and columns and represented by values having a specified dynamic range,
the pixels in the rows residing at unit hoiizontal locations and the pixels in
the columns residing at unit vertical locations, the video coder comprising
an interpolator adapted to generate values for sub-pixels at fractional
horizontal and vertical locations, the fractional horizontal and verical
30 locations being defined according to 1/2°, where x is a positive integer

having a maximum value N, the interpolator being adapted to:




25 and colums and represented by val ues having a specified dyngrﬂ %malggﬁ
the pixels in the rows residing at unit horizontal |ocations and the pixels
in the colums residing at unit vertical |ocations, the video coder
conprising an interpolator adapted to generate val ues for sub-pixels at
fractional horizontal and vertical |ocations, the fractional horizontal
and vertical 30 |ocations being defi n%% according to 1/2', where x is a
positive integer having a nmaxi numvalue N, the interpol ator being adapted

to: 3 MAY 2 oot b : if sMbveitisgl s at 112"
unit hori ZO%?%térg%%ﬁaﬁﬁggpf?%lg%afeﬁo%;‘??oﬁérfﬁt léﬁ:'a uni t dori zgntl_al and 1/2"'
uni t verti cidcatioestanmhanitlhoezdrityl amsi 1™ weit yértical locationsfdipsiclglusingesi di ng at

O o) OBt B0 A B2l 0P o el A R 1

directly usjiggtignghoi ce of a first weighted sumof values for sub-pixels
residing _at 1/0-' unit horizontal and unit vertical |ocations,and a second

wei ght ed3sub)y ditemelatevaiugs fansubrpizels atelded wijt herznntal &g i1ntdIt and
1/2N-" unit y 1 1 RCALIONS ik eG4 ] | of
vai s 10 KERA! 168G RECH Bein derididebe £t REGATY A IMERSSKT D, o
val ue for asshHpieisadsiding abtifa!’ anitaotiz@italand uhiv verivat kications and 2" uni t

vertical location by takin i ght ed, average.of the val ue first

sub- pi xel o?eﬁ?ﬂ'ﬂfg‘f"eépi‘ﬂ:};ﬁ%ﬁ ogyavﬁegyoz.sub-wﬁ@ 9%‘8?98“&"&‘?%8%"%'?% uni t
vertical | qgati@n viiscd Necatishyiemaffirst SF ebsbrieighier] sins fxalludsocat ed at
a 1/2" unit 15 horizontal and 1/0 unit vertical |ocation, variables m n, p

and q t aRi njeingrhataated scoerdingorstaP @i 1 to N such that the first and
d eub- o . : : ) o
second su Pj W@'ﬁoﬁ%ﬁ tapbﬂﬁé Jorth %uk%%ﬂy%ﬂe@%r@hbf |.Y|‘1|tt RofiZ&mi &ngt 0 _the

sub- pi xel a orizonta vertical location. 20 23. A
vi deo coder 14 amitdientical éocatian by 24king a mEighded gverage dd theevwalodef a figl. A vi deo

coding an_1 fUGEED EPP sEiaRAcTE 4B At R ShERd e aTt YRR “ana”
repr esent edideutivinaiEthe Fuiuedofan SERMIAT dupbidIsr Pixe! N@J2d&d at Bel/2™ unit
15 horizontal and 1/2™° unit vertical location, variables m, n, p and g taking
integer values in the range 1 to N such that the first and second sub-pixels
or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.
20  23. A video coder according to claim 22, comprising a video encoder.
24. A video coder according to claim 22, comprising a video decoder.

25. A codec for coding an image comprising pixels arranged in rows and
25 columns and represented by values having a specified dynamic range, the
pixels in the rows residing at unit horizontal iocations and the pixets in the
columns residing at unit vertical locations, the codec comprising a video.
encoder and a video decoder, each of the video encoder and the video
decoder comprising an interpolator adapted to generate values for sub-
30 pixels at fractional horizontal and vertical locations, the fractional horizontal

and vertical locations being defined according to 1/2°, where x is a positive




pixels in the rows residing at unit horizontal ;ovations and theqpi xaksoiog
the colums residing at unit vertical l|ocations, the codec conprising a
video encoder and a video decoder, each of the video encoder and the video
decoder conprising an interpol ator adapted to generate values for sub 30

pi xel s at fractional horizontal and vertical |ocations, the fractional

hori zontal and vertical |ocations being defined according to 1/2', where X
is a positive 1 0 MAY 2006 87 integer8having a maxi numvalue N, the

i nterpol ataor of the video encoder and the int]erFotgg or,of the video
decoder eadRtegEl ABVIRE A Mmaximym value N, 3he dntgmrolatgl Qb the yideg @NGRARE| s 4t 1/ 2

unit hor | 2ogHchodNErdtitr Yhb vl ddcBARK ébeiRg duatel 1gor i zontal - and

1/2""" unit vertical location rectly using S weighted suns of pixels
resi di ng ata)unierpdiatei vadursafor sub-pixdls at /27 oatt horizental and uni§)vertinabr pol at e

| f - pi_xel [2" " uni ' | /2" unit. i cal
ocattons. dpraisheySud il nbrizepet 85,02 Hnf SBh el BREuchS ardl widics For
sub- pi x&l s weighdngumb of Pixalsi feshig zanuait Kurzontdl t angr dmit alerticatat i ons and

a 10 second wej ghted sum of values for sub-pixels residing at unit
hori zont al '@FRHON$12" unit vertical locations, the first and second wei ght ed

sums of - valyieihreriakOvABLS Wik aslpAsROACI A" Uit HtBokiBl anBti2®) ubit ef pol at e

a value for "a sub-pi xe?1 situated at a unit horizontal and "ounit
vertical | ocasliGadiochtionsadirenyly asiag ayhheice af 2 firgjaveighted sugwofnaiugs ferfirst 15

sub- pi xel or.pi.xel si.tuat v and) vt ' i ‘ot ounit
vertical | 0%“5’?‘#‘6%3 éa%laiﬁaea‘?\c}é?fje tfl{'énzggkag%h&swﬁﬂ%ﬁ%?ﬁ%ﬂﬁgﬁl %cated at a
1/ 2N' P 10ni tsechad wetghted samcflaRiesyor subspixeiscasidingeiunitrhorizantabbheds m n, p
and g taking .| nteger, veﬁl ues in thg ranae 1 to N. ucalI t hat éh first and
second sub- PExeYRit veftical; logationg, the HshAp %FS@&H‘Q‘@G iSUNS @ @U?St o the
sub- pi xel alejdd daiciiBidd actBrdi trs1Bp4); aRd 1/ 2" vertical location. 26. A
comuni cations” term nal cor‘rfprl sing a video coder for coding an image
conpri si ng Qiinterpolateravghe fon ar subspixeidsitietashataatid pephedsentaband val ues
having a spgeif i, LG - i xels j | dieng at 25
unit hori zoﬁ aphlfg%@%’(iagﬁé&gh?y%%gm%%%%gﬁﬁgﬁdﬁgai%&u&nﬁéﬁr@egﬁ [ hgggat unit
15  sub-pixel or pixel situated at a 1/2"" unit horizontal and 1/2"" unit vertical

location and the value of a second sub-pixel or pixel located at a 1/2" unit

horizontal and 1/2"° unit vertical location, variables m, n, p and q taking

integer values in the range 1 to N such that the first and second sub-pixels

or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

20  horizontal and 1/2" vertical location.

26. A communications terminal comprising a video coder for coding an
image comprising pixels arranged in rows and columns and represented by
values having a specified dynamic range, the pixels in the rows residing at
25 unit horizontal locations and the pixels in the columns residing at unit
vertical locations, the. video coder comprising an interpolator adapted to
generate values for sub-pixels at fractional horizontal and vertical locations,
the fractional horizontal and vertical locations being defined according to
1/2*, where x is a positive integer having a maximum value N, the
30 interpolator being adapted to:
a) interpolate values for sub-pixels at 1/2™ unit horizontal and unit vertical
locations, and unit horizontal and 1/2™" unit vertical locations directly using




vertical l|ocations, the video coder conprising an interpolator a?%pr@@ PG
generate val ues for sub-pixels at fractional horizontal and vertica

| ocations, the fractional horizontal and vertical |ocations being defined
according to 1/2", where x is a positive integer having a nmaxi num val ue N,
the 30 interpol ator being adapted to: a) interpolate values for sub-pixels
at 1/2" unit horizontal and unit vertigal |ocations, and unit horizontal
and 1/2N-0 unit vertical |ocations dir ctly using 1 0 MAY 2006 88 wei ghted

i or pol ot o AAEL SU5PO B, PR Sl B Uil Horidbb, I R et T )

vertical | odgdations directly using a choice of a first weighted sum of
val ues for 5 sub-ﬁ)i xels residing at 1/2"" unit harizontal ang un

it
vertical | o®PatMEROIAIA yaluase I8 RMOnRIXeJR tal ol /Uit _"95?-%@' pag 1§%b-‘|!ﬂ't;<el S
residing at dpich !B@étloﬁ%rﬂi:%]bﬂggﬁﬂg:sy aﬁaid@bfta Hist Wefgﬁ!ed Qﬁ!ﬁtdfgﬁﬁlestf&e first

and second wel ghted suns 0 el ng cal cul ated according to step (a);
and c) i fit espbipinels eesidingiet 142" anit wioripontal asd Loitvedical lacatipes and i

hori zontal and 0 .1(2" unit . vertical |ocation. taking a weighted average
of the val udstrnd et siEhipr ¥bks i o Siidhle afiShF Aoy artite

hori zontal gt Ind"vertisgadildcatiers, el first asdsbeshcRdighited ¥amdeofofalvessecond
sub- pi xel or pixel located at a 1/2"P_unit horizontal and 1/2" unit

vertical | obstdgiiculaied asearding togtem(@@ndy taking  integer values in the
range 1 to bh §iicho lf@tah\tlé'f@effélr 8uB! e?%ﬁ@%l_@d?‘é{b? ﬁ?{"qgr?tzﬂlériﬁntﬂ'm S are

| ocated diagonally wth respect to'the sub-pixe unit horizontal
and 1/ 2'10ver{2"amit vedical logatior? by takinganweigided avergeaf the yhluacf arfitsing t o

claim 26 co i S . Vi ngodef wm20..28 . A | Sad | i nal
accordi ng thfé]PgﬁeE]gQ@'Xg? gﬁ‘?"g?&aﬁf i[gnpﬂnétﬁ?%'mg&@%yéecg@gﬁ?ﬁéé{n A
t el ecommuni gationmand Yisé AT s6dond subesiRENGT shadiiGoted at &l 12T udb and a
network, the telecommunications network and the comunications .
horizontal and 1/2™ unit vertical location, variables m, n, p and g taking
integer values in the range 1 to N such that the first and second sub-pixels
15 or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.

27. A communications terminal according to claim 26 comprising a video
encodet.

20
28. A communications terminal according to claim 26 or claim 27 comprising
a video decoder.

29. A telecommunications system comprising a communications terminal
25 and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
can be transmitted, the communications terminal comprising a video coder
for coding for coding an image compriéing pixels arranged in rows and
columns and represented by values having a specified dynamic range, the
30 pixels in the rows residing at unit horizontal locations and the pixels in the
columns residing at unit vertical locations, the videoc coder comprising an

interpolator adapted to generate values for sub-pixels at fractional horizontal




termnal being connected by a communications |ink over which gededyvpghgo
can be transmtted, the communications term nal conprising a Vvideo coder
for coding for coding an i mage conprising pixels arranged in rows and
colums and represented by val ues having a specified dynam c range, the 30
pixels in the rows residing at unit horizontal |ocations and the pixels in
the colums residing at unit verti calggl ocati ons, the video coder
conprising an interpolator adapted to generate val ues for sub-pixels at

fract i onal” bl eAlaflochifnd e AARofS AFoKRl bhBerl O AoédiRfs HAIR

fractional horizontal and vertical locations being defined according to
1/2', wher e defihed acqudingi toet/2hmdpee xHad positivenmtégairhaving adnagimuie

i nt er pol ator_bei.ng, adapted tq: .a) _interpol ate values for sub-pixels at

1/2"" unit Hg&ulezl\&ﬂp%rn%éw&?a&wﬁeq%gpg@gpQO.S | ocations, and unit horizontal

and 1/2"" um) intypoldts Fnldesdal bat-pixdis’ £C1/2Y" uait Rgrizomaloiie dnis werical  pi xel s

residing_at unit horizontal and unit vertical |ocatjons;. bi)ﬂyi nt er pol ate
r

val ues for Qealipnseans writ hprzontaland Her i yoihvarticahlgcations d UsiG t i cal
| ocat I ons dWeggﬁﬁd'n gélg?é‘%fg,p%@ CrSﬁBifngaaf 'ﬁrfﬂ HpizoMaP Carkt rfd viéplcaes for 10

sub-pi xel s re uni t- horrzontal and unit vertical |ocations and
a second weilagatiens;sum of val ues for sub-pixels residing at unit horizontal

and 1/2"' I.t. vertical |ogations, th RS . | gt suns of
val ues bei ﬁg' tﬁfp@mtﬁt‘@&’ea?cﬁ%r% ¢T3 agt{é (5?’?%§H§§@§Plgﬂ¥\§r/pol L2 val ue
for a sub- pivégicabibtattinediittipuding'a dhdide i firseWelghtedhsumldi valuzs foni t
vertical location by taking a yel ght ed average of the val ue of first
sub- pi xd osubipiels tgsidiag af 14 and herizentghand et vediaah focghigng apd-a p;j ¢
vertical | | _ : el i i Agpcat ed at
212D uni o S UG o R P Bl B e . p
and q taki ng/2"i mnigertiosh lasadions, thadirstaand secorsl weighted sues ofealfes st and

second sub-pixels., 20 or pixels . are |pcated diagonally with respect to the
sub- pi xel aBeTffa'qﬁ’?ﬂt?d aﬁgqrﬁgwgntpa?epaﬁaé, &) " vertical location. 30. A
t el econmuni gptritemslaty st Rilue 4604 GubPited sithateth &% Wi 'clnit hodzomdli dred
t el ecommuni cati ons system conprising a npbile communications ternnal
15 1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2"™ unit horizontal and 1/2"" unit vertical
location and the value of a second sub-pixel or pixel located at a 1/2"*® unit
horizontal and 1/2™° unit vertical location, variables m, n, p and q taking
integer values in the range 1 to N such that the first and second sub-pixels
20 or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.

30. A telecommunications system according to claim 29 which is a mobile
telecommunications system comprising a mobile communications terminal
25 and a wireless network, the connection between the mobile communications

terminal and the wireless network being formed by a racic-ink.

31. A telecommunications system according to claim 29 or claim 30 in which

the network enables the communications terminal to communicate with
30 other communications terminals connected to the network over
' communications links between the other communications terminals and the

network. |




25 and a wirel ess network, the connection between the nobile cpgnMgy cahons
termnal and the wireless network being forned by a radii link. 31. A

t el econmuni cati ons system according to claim29 or claim30 in which the
net wor k enabl es the conmunications termnal to comrunicate with 30 ot her
comuni cations termnals connected to the network over conmunications

| i nks between the other communicationggermnals and the network. 1 0 MAY
2006 90 32. A tel econmuni cations system conprising a conmuni cations
termnal and a network, the tel ecomruni cati ons network and the

communi cations termnal being connected by a communi cations |ink over

whi ch coded3@ detelecaramupications systeregompriging et weMMWEeRians: tegminali deo
coder for cqdj cqdi ' . | S| i xel L n rows
and col urmsggﬁgw “freg’%?’ésg’% gg% %{/}nﬂ\?gﬁ %gté av%ﬂ}@ﬂg%g gelﬁéf ?%@H@%%g%é range,
the pixels tarnited beiry\sormmestat! ingaaommunicdtionsdiak toxkr Wbkt coriesl \Adeb t he

pixels ip the colums _residing at unit yertical |ocatiqgns, the video coder
Compri i hg GAN (% HABSMAEG: 119 MUK PriRyyishar peo o085 40T BPIBESH ol s at
fractional BQﬂihéoéﬁ %a@@%orﬁﬁr‘iéiﬁg?%ixél@%@#dn?@é1intﬂﬂ/sf BAgt EQ0/INnshard zont al
and vertical |oCations being defined according to 1/2', where x is a

posi tive i nrepyesemesd ibygvaluetiaviogna spedified\iynanyc irangs. pbe qrixels eithey adapt ed
to: a) inte val nes - pixel.s at y ' A nd unit
vert i tal | 100 defalE Mt HorBURRP K EKBoS ankf e, PRels IPfthé Bhhnd)

| ocat i ons dresidibd; at uait vgrticabioghticra, thenwided cpderadamprsingl an dntetpalaitot

hori zonfal and unit vertical . locagtions; b) interpolate valu fo

cub. i xHs aaRiPg- to, GRneris  vales fon b i FaBiBo (hetfzoPfRl bns
directly usyggical %‘tiéﬁs,?izhea ffdclishalVRbEUrRAl ahdN Winiva! 1RatdR bedty

sub-pi xel s residing at 1/2" unit horizontal and unit vertical |ocations and
a second wefiglinadiaecnrding to /e whese xd e pesidvesintegsir avingad rOMXMUAbr i zont al

o0 et et The P i kBRI begiay ot ancsccond, wel onted sure of
for a sub- pakuiterpblateveltiea tforasub-gixelsnatt 1/B5 iibhbdddoraldand unit vertical
15 locations, and unit horizontal and 1/2"" unit vertical focations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;
b) interpolate values for sub-pixels at 1/2"" unit horizontal and 1/2™' unit
vertical locations directly using a choice of a first weighted sum of values for
20 sub-pixels residing at 1/2"" unit horizontal and unit vertical locations and a
second weighted sum of values for sub-pixels residing at unit horizontal and
1/2"" unit vertical locations, the first and second weighted sums of values
_being calculated according to step (a); and
c) interpolate a value for a sub-pixel situated at a 1/2" unit horizontal and
25  1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2"" unit horizontal and 1/2™"-unit vertical
location and the value of a second sub-pixel or pixel located at a 1/2"° unit
horizontal and 1/2"° unit vertical location, variables m, n, p and q taking
integer values in the range 1 to N such that the first and second sub-pixels
30 or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.




25 1/2" unit vertical location by taking a weighted average of 4 I of
a first sub-pixel or pixel situated at a 1/2" unit hori zontal 1a%§%1,\/?226%
unit vertical |ocation and the value of a second sub-pixel or pixel

| ocated at a 1/2" unit horizontal and 1/2"9 unit vertical |ocation,
variables m n, p and q taking integer values in the range 1 to N such
that the first and second sub-pixels 3] or pixels are |ocated diagonally
wWith respect to the sub-pixel at 1/2" 'unit horizontal and 1/2" verti cal
l'ocation. 138, NAYd&dEEd&HfoB BodiNg Al RRageE6mpliSihg GRS ArrBRgdd RO fowWE NPT i Si ng
pi xel s arranged in rows and colums and represented by val ues having a
speci fi ed dgndeprhmngmard reprasenied by valuest having aspeeidied dygamic @nge,

hori zont al cat Lxels i I 1,di.Ra.; it

Verti oal 1 ot PGSR AE Yok RTe UG R, A nwSub N EBRS Eb e Dis ) |

gener at e vatheesoluainss résidihg?ts%rat vénl;tmat ikmlaabrgﬂorhezgm@ compgbinggrari cal

| ocations, the resolution of the sub-pixels bejin term by a positive
i nteger N, M%TPPWE%&%{%PSQ%P gg]e@ted@g%séar %@-P&ﬁ%ﬂﬁ%%%ﬁ@%épt%s for
sub- pi xel s ghg Ybrical lobitidnsh@id f8BIuAbn BN theldlit-piXEs Hefi detbﬁﬁaabagg% and uni t
horizontal and 1/2"-' unit vertical locations directl’y using 10 weighted
sums of pi xpesitivecistegeandN, dhe unterpalator bengadapiatl tonit vertical |ocations; b)
i nt er pol at e_q. ey sub- pi | sub- pi xel
vertical | Oggl[nl %hH%Itél’ g‘éitu ??/%ﬁgls@gégglcsﬁ%i% o?’ ng h?ﬁ%g&g%ﬁﬂb?g&egﬁ% of val ues
for sub- pi loehtons)aatiaibhorizontal windal /2T b aalt iverticablocet@endiretyy tusirighat  of t he
sub 15 pixel being cal cul.ated, and .g second wei ghted, sum of _val yes, for
sub- pi x2's WRGRISE FUlhs” of, Biels, fesifingo b it TBRPREh A dgit Yot of t ne
sub- pi xel bricaonszal cul ated. 34. A video coder according to claim33 in

whi ch the -i nt,ergol ator is further 20 adapted to formthe first. weighted

sum usi ng t BeiNtgPeiste avalusptosiasybspixekath AYb-pixel horizontgland $1#rPixght al and
uni t verti CadritAdaéatRNSiRetly WRingSEchéige of alfibt Mﬁbﬁi@éﬁtnﬁ%&ﬂeb perpol ate a
at 1/ 5 - % al “and 1/2

val ue for a sub-pi xel uni t ori zont unit vertical

| ocati on. 2sutppixels lpraled atoaeverticat doasitinn casrespanding3odhatphitha 84bi n whi ch
the intgs poLiakMeing calculated and a second weighted sum of values for sub-pixels

located at a horizontal location corresponding to that of the sub-pixel being
calculated.

34. A video coder according to claim 33 in which the interpolator is further

20 adapted to form the first weighted sum using the values of sub-pixels
residing at 1/2"" unit horizontal and unit vertical locations and to use the
first weighted sum to interpolate a value for a sub-pixel at 12" unit
horizontat and 1/2" unit vertical location.

25  35. A video coder according to claim 33 or claim 34 in which the interpolator
is further adapted to form the second weighted sum using the values of sub-
pixels residing at unit horizontal and 1/2"" unit vertical locations and to use
the second weighted sum to interpolate a vaiue fér a sub-pixel at 1/2Y unit
horizontal and 1/2™" unit vertical location.

30
36. A method according to any of claims 33 to 35 in which the interpolator is
further adapted to interpolate values for sub-pixels at 1/2" unit horizontai
and 1/2" unit vertical locations by taking the average of at least one pair of a




Is further adapted to formthe second wei ghted sum using the vaﬁl.tfzwgff E@b
pi xel s residing at unit horizontal and 112"-' unit vertical |ocat g

to use the second weighted sumto interpolate a value for a sub-pixel at
1/2" unit horizontal and 1/2N-1 unit vertical |ocation. 30 36. A nethod
according to any of clains 33 to 35 in which the interpolator is further
adapted to interpol ate values for sub-pixels at 1/2" unit horizontal and
1/2" unit vertical |ocations by takin he average of at |east one pair of
a,l 0 MAY | rst L& I f ey a 1/ 24"
unit hori zoﬁrtggﬁai%é Vé’r%’le?’ °’\eag$??“@§ﬁeyf°8§§% %né,l ézz,gma{m su _zghfgag%tnﬁgggti ed at a

uni t hori zowvaréitaldochtibh?and ausit-pixeeidchate atl ®anit ihorizemal and ¢ dinitai r  of
and .unit. vertical, | ocation,

val ues of a pixel located at a unit _hqrizonta

and 5 sub- pYaiFal IgESEL 3ad  sSp0n ais it veioa, B Zfitel Iogpd A
vertical | ogafiiopal ahd- urfit vértles 1684%n, AREY SilpixbPloaatedadt £h AN a3 to 36,
conprising a video enc 38. A video coder according to any of

r. 10 )
clains 38 thorzontad grgri/di ﬁgnié\’%ﬁﬁéé'docﬁié@oder. 39. A codec for coding an
i mage conprising pixels arranged in rows and colums and represented by
val ues having a specified dynam c range, the 15 pixels in the rows residing
at unit hor3zZ.oftvided caderi ancordimgl te hey of cEirss 38 tOHIS, conprising a oidedi ng at
unit verti.cal |pcations, the codec conprising a video encoder and a video
decoder, eath" % the video encoder and the video decoder conprising an
I nterpol ator adapted to generate val ues for sub- pixels at fractional
hori zontal and vertical |ocations, the resolution _of the 20 sub-pi xels
bei ng dt er38-nByIdAP EPYRSACCPIHING ke ag of Rlaims 83;tRr3, SOMRTEMGR 980  vi deo
encoder andyihRieknterpol ator of the video decoder each being adapted to:
a) interpol ate values for sub-pixels at 1/2"-' wunit horizontal and unit
vertical locations, and unit horizontal and 1/2nf unit vertical |ocations

di rect]y Usifos ZReiSho Ry Wnele RbkhiSing Gkl WraRbelth tohg'dront & and
coiumns and represented by values having a specified dynamic range, the
15 pixels in the rows residing at unit horizontal locations and the pixels in the
colurans residing at unit vertical locations, the codec comprising a video
encoder and a video decoder, each of the video encoder and the video
decoder comprising an interpolator adapted to generate values for sub-
pixels at fractional horizontal and vertical locations, the resolution of the
20 sub-pixels being determined by a positive integer N, the interpolator of the
video encoder and the interpolator of the video decoder each being adapted
to: B
a) interpolate values for sub-pixels at 1/2%" unit horizontal and unit vertical
locations, and unit horizontal and /2" unit vertical locations directly using
25 weighted sums of pixels residing at unit horizontal and unit vertical
locations;
b) interpolate a value for a sub-pixel at a sub-pixei horizontal and sub-pixel
vertical location directly using a choice of a first weighted sum of values for
sub-pixels located at a vertical location corresponding to that of the sub-
30 pixel being calculated and a second weighted sum of values for sub-pixels
located at a horizontal locaticn corresponding to that of the sub-pixel being

calculated.




locations; b) interpolate a value for a sub-pixel at a sub-pixel ogmgomﬁﬁl
and sub-pi xel vertical location directly using a choice of a fi }

wei ghted sum of values for sub-pixels |ocated at a verti cal Iocatlon
corresponding to that of the sub 30 pixel being calculated and a second

wei ghted sum of val ues for sub-pixels |ocated at a horizontal |ocation
corresponding to that of the sub-pixelyg,being calculated. -10 MAY 2006 93
40. A conmuni cations term nal conprisiég a video coder for coding an inmge

compri S1 N Gxol ScARKARNSHL \oFANS) ARSI AR chaBr Ssiabdiy b val ues

havi ng a speci ynam ¢ tange, e rows residing at unit
hori zontal §magé comprising pixets alra:egesd innrosearcbtelumss rapdirdpregeateddy t 5

vertical |ocations,.the cod onprjsing an i nterpol.ator adapied fo
generate vXpiyes ngs% BP%‘F'E%Q éy 'Pr’ﬁeg“i’- 1?}3|P"ff§§ F)'E Qwsa??&%fégr \t & cal
| ocat i ons, hﬂ&‘ n&:?z%a{dvtlbegt.o?,fs éﬁt? tﬁygmﬁé@qhsmbecagwd@t RIsPdiRg tht biynie positive

i nteger N, I nterpol ator being adapted a) interpolate val ues for
sub- pi xefs aerticabiocatiansi thmmdqmﬂmnsmcammt@rp@at@r adapted & pepefalfons, and

uni t hori zopt @eﬁa@? Ggl{jiygp%?lg niﬁt {r%’lﬁt'E érla(faﬂctrizﬁﬁ dfﬂ'ﬂ)ﬁ vgh{cﬁfstlcl.)éétlpﬁé Nghe VeI ght eg)

suns of pi x &P vertical locations;

i nt er pol at e rgeohstioneofl e sutspitelsi bethg aleterrmindal py >ee positive idagar Natte sub- pi xel
vertical location directl éaUSI n(g a choice of a first weighted sum of val ues
for 15 subiniesesiaton kring adapt vertical |ocation corresponding to that of

the sub pixg ?lrﬁ&' B%té@hﬁﬂék%ﬁ‘%tﬁ?&e& et yk inahizestabama ahit walticas for
sub- pi xel s oca at a horizon gation corresponding to that of the

sub- pi x&0 bications Anclwrit berizopta! 4nd ﬂzcoHﬁﬁNpﬁ&ﬂ toations direRly UsiSbr ding to
claim 40 COMRIdLA dgfind &e%.xe@jggarnﬁp% urlt HOFEBHeE AP i SeRicar

according t Ising a video decoder.
locations;

b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertica! location directly using a choice of a first weighted sum of values for
15 sub-pixels located at a vertical location cormesponding to that of the sub-
pixel being calculated and a second weighted sum of values for sub-pixels
located at a horizontal location corresponding to that of the sub-pixei being

calculated.

20 41. A communications terminal according to claim 40 comprising a video

encoder,

42_ A communications terminat according to claim 40 or claim 41 comprising
a video decoder.
25
43. A telecommunications system comprising a communications terminal
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
can be transmitted, the communications terminal comprising a video coder
30 for coding an image comprising pixels arranged in rows and columns and
represented by values having a specified dynamic range, the pixels in the

rows residing at unit horizontal locations and the pixels in the columns




43. A tel ecommuni cations system conprising a comuni cati ons terq?q?@}na?gmp
network, the tel ecommuni cations network and the conmuni cati ons er m na

bei ng connect ed by a conmuni cations |ink over which coded video can be
transmtted, the conmunications term nal conprising a video coder 30 for
codi ng an i mage conprising pixels arranged in rows and col ums and
represented by val ues having a specifb d dynam c range, the pixels-in the
rows residing at unit horizontal |oca |ons and the pixels in the colums

9AY 2006 94 residing .at uni vertlcal d I sing an
i nt er pol at of®S! di’b%pﬁteg“ ?d’eijl‘&fi'ir'%‘faé“’o% P& %f%g&} %@@pﬁ%ﬁg 2 ﬁ-&?rﬁgg’ﬁronal

hori zont al aduhted elot g@ﬂérdt@q@ue%nsor blag-pixessolatit fravtionk| thoeizenthl @indel s bei ng
determned by a positive inte N, the mter&Jhator bei nﬁlpa%‘gted t o:

a) inter polmr@caﬁdpe@t@rfs@rth%mﬁs itiom &f Hhe SWbRIXEIS RPNCHEPEY Ad unit
verti cal ﬁ&ﬁﬁ\}eoﬂfe e?'ﬂijtl’rg”iﬁtegﬁdtéﬂﬁ%ﬁéaa Agteltg’ - unit vertical locations

directly ustng wel resi |ng at unit horlzontal and
unit vergi ca) mtérpolate valses hr sulnﬂmx@elaaﬂéﬂ 4 wnit herizastal-ang unipvedicalat a

choi be.of aoPnia. AorgRTBreRRIa By 114 G Vel BERd R ey 1= "0 @

vertical | Oﬁéighﬂéli cmrnﬁ@&ﬁogmke&g régidihant afnitt henzm:tlal rndelunide iverdicalal cul at ed
and a second wei ghted sum of values for sub-pixels |ocated at a horizontal
| ocati on co'ropég‘mﬁﬂdl ng to that of the sub-pixel being calculated. 15 44. A

t el ecommuni Rk k&PSIatY & VAIlARF A ibSixéiat Gl SubAG! Hbiiadhtalsars! subpivet

t el ecommuni cati ohs system conprising a npbile communicati gns t erm nal and

a wrel 13@;5 mlwrlﬂcatﬂﬁedi@?ﬁﬁgémgcﬁﬁcm%\ééﬁ firstaveighiedSum PhMAINES fPTons
term nal Qut% pﬁ(e\@ fo‘égﬁﬁsapgt\)éﬂ | Qﬁ;’aﬂgré fc%'ir%ﬂ% ind ¢ tbelﬁhpof lH"d‘sul?—O 45. A

t el ecommuni cat ons system accor [aim44 in which the
net wor k enapikekbeihg cammiajenl aat msm:mdr\mxgbtledtmm @lﬁwame@af@éswh(elsot her

comuni cati l%ggtetdeétn& 8|nzson?e(l)lqoca tto%dcorn%sbgﬁdtﬂg Rt SRS sub-pixel being
calculated.

15
44. A telecommunications system according to claim 43 which is a mobile

telecommunications system comprising a mobile communications terminal
and a wireless network, the connection between the mobile communications
terminal and the wireless network being formed by a radio fink.
20
45, A telecommunications system according to claim 43 or claim 44 in which
| the network enables the communications terminal to communicate with"
other communications terminals connected to the network over
communications links between the other communications terminals and the
25 network.

46. A telecommunications system comprising a communications terminat
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
30 can be transmitted, the network comprising a video coder for coding for
coding an image comprising pixels arranged in rows and columns and

represented by values having a specified dynamic range, the pixels in the




communi cations |inks between the other comunications term nal s§dn{iayhgl{is25
network. 46. A tel ecommunications system conprising a comuni cations
termnal and a network, the tel ecommuni cations network and the

comuni cations term nal being connected by a comunications |ink over

whi ch coded video 30 can be transmtted, the network conprising a video
coder for coding for coding an inmage conprising pixels arranged in rows
and colums and represented by value§5having a specified dynam c range,

the pixels in the .-10 MAY 2006. 95 .rows. residj at._unit . horj I
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| ocati ons, rré%ﬁdiﬁgd&zr uRR RASrtiSAI NBcalbris tiRe PEddYr cfomPwikaiy &th tittegeiitoat e val ues
for sub-pixels af fractional horizontal and vertical |ocations, the

resol uti on eflapled Yulgeperatesvaleeh ot aubrireie AtbyragtionahJiqrizop! i #fikger N,
the int erp%éﬁf&éi E%hpgnéglﬁgtu%golpﬁén %}.thé“s%ﬁﬂké}é el UsRerhledSBP Pl Xel s at

1/2 N-1 unit "horizontal™ unit verti cal ocations, and unit horizontal
and 1/ 2" 5unipbsities integér NI,dhat intemsoldior beinigyadaptatbto: wei ght ed suns of pi xel s

residing at uni.t horizonptal, and unit verta-cal. .l acat.ions; .interpol ate

a val ue for agargﬁrg_o t‘?é’?”"&? fars 'pBﬁe%e"i‘t {{%ri ?BM‘QFZ%‘HSP gﬁ%yéﬁ%ghcaCerti cal

| ocation di 1@tibs, UsidGniehelieirtdl id #2FT Ll vericahicedtionsnlissctiyalsires f or

sub- pi xel s | ocat ed at a vertical |ocation corre.sponiji ng, to.that. of the sub-
hagpeel \at,

pi xel bei ngWeighted a$Was apfd Pixele J6RidINge Al vl it YEICRY hi xel s

| ocated at g,gphzontal location corresponding to that of the sub-pixel

being 15 calculat'ed. ) .
10  b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel

vertical location directly using a choice of a first weighted sum of values for

sub-pixels located at a vertical location corresponding to that of the sub-

pixel being calculated and a second weighted sum of values for sub-pixels

located at a horizontal location corresponding to that of the sub-pixel being
15 calculated.




