METHOD FOR SUB- Pl XEL VALUE | NTERPOLATION  The present invention relates to
a nethod for sub-pixel value interpolation in the encodi ng and decodi ng of
data. It relates particularly, but not 5 exclusively, to encodi ng and
decoding of digital video. Backgroynd of the invention Digital video
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means t hat BRREITGVEA & the iwgHOBet ween one video frane and the next is
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15 scene may comprise some stationary elements, such as background
scenery, 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 faster the 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 large 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



2 which carry information about the |um nance and/or col our content of the
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components are thus spatially sub-sampled by a factor of 2 in the x and y
25  directions. The resuiting assembly of one 16x16 pixel luminance biock and
two 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 resolution (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.



10 as an I SDN (Integrated Services Digital Network) or a conventional PSTN
(Public Service Tel ephone Network), the avail able data transm ssion

bandwi dth is typically of the order of 64kbits/s. In nobile videotel ephony,
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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
correlation 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



other frames in the sequence by tracing the notion of objects or regions of
an i mage between franes. 15 Conpressed i nages which do not nmake use of
tenporal redundancy reduction are usually called | NTFl A-coded or |-franes,
whereas tenporally predicted i mages arg called | NTER-coded or P-franmes. In
the case of INTER franes, the predicted (notion-conpensated) inmage is
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12, a Motion Conmpensated Prediction block 13, a Prediction Error Coding
bl ock 14, a Prediction Error Decoding block 15 a Miltiplexing block 16, a

Fra n_adder .19, The decoder 20 conprises a Mdtion
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pred?cted imag%s are caHean

NTER-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-calied
‘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, that 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-



m nimse the amount of information in a prediction error frame En(x, y) ,
which is the difference between a current frane 4 (x, y) being coded and a
prediction frame /1(x, y). The prediction error franme is thus: 20 En(x, YY)
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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 I (x,y) being coded and a
prediction frame F,(x,y). The prediction error frame is thus:

20

En(xsy):ln('x’y)"[‘:l(x‘y)‘ (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 F.(x,y) is constructed by finding so-called ‘nrediction
pixels’ in the reference frame R (x,y) which correspond substantiaily 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



15 decoder. Instead, in nost video coding schenes, the current frane is
divided into | arger image segnents Sk and notion information relating to
the segnments is transnmitted to the decoder. For exanple, notion information
is typically provided for each macrobl agk of a frame and the sane notion
information is then used for all pixels within the macrobl ock. In sone
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prediction error frame.

However, due to the very large number of pixels in a frame, it is generally
not efficient to transmit separate motion information for each pixel to the
15 decoder. Instead, in most video coding schemes, the current frame is
divided into larger image segments Sy 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 smaller
blocks, each smaller block being provided with its own motion information.

The motion information usually takes the form of motion vectors
[Ax(x, ), 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 to 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 corner. Thus, in a video



of prediction pixels in the reference frane 11"(x, y) (as shown in Figure
4b). Motion estimation is a conputationally intensive task. Gven a
reference frane R'(x, y) and, for exanple, a square macrobl ock conprising N
X N 10 pixels in a current frane (as shown in Figure 4a), the objective of
notion estimation is to find an N x N pixel block in the reference frame
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i mage segnmatchedr ¢hé echarleteristics of the macroblock in the current picture
according to some criterion. This criterion can be, for example, a sum of
absolute differences (SAD) between the pixels of the macroblock in the
15  current frame and the biock 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
undergo scale changes, as well as rotation and warping. However, in
20 current intemational video coding standards, only a translational motion

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

Ideally, in order to achieve the best chance of finding a match, the whole of
the reference frame should be searched. Howaver, 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-



expressed using certain predetermned functions or, in other words, the
notion vector field is represented with a nodel. Alnost all currently used
notion vector field nodels are additive notion nodels, conplying with the

following general forrmula: 5 m1 AX(x, gy) = ezif(x,y) mi
Ay(x,y)=y) fro 10 where coefficients a, and b are called notion

coef fi ci entexpréss@dmasingncenshf predetdmins® fhhAY bF,eﬂ'}]b%é hﬁ/oﬂ%cm? 20
(information stream 2 in Figures 1 and 2). Functions anJ gl are called
mot i on fi elF@O¥REVECKonAild dhsepranentgdewitih@wmastsd hAtroosthall enaedty weed

const ruct el A g RE TR HIGRI, HRERBALG Enlen Kidadleitopbidd windnene basi s

functions #slRovingwenbaal foimddiai s stored in) both the encoder 10 and the
decoder_20, only the notion coefficients need to be transmtted to the

encoderd thus reducing the amount of information required to represent the
notion information,of the frame. 20 The sinplest notion nodel is the

transl atior@@kx,?ptzi Qlﬁadﬂ which requires only two coefficients to describe
the notion vecfor s,gof “each segment. The val ues of notion vector{@ are given
by: 4x(x, y) = ao 25 . " ay(x, y )= DolA" et, This nodel is widely used in
various international standards (I SO MPEG 1, MPEG 2, MPEG 4, I TUT
Reconmendat i ons H,261 and H. 263) to describe

Ay(x.y) = Y bg,(x,y) 3)

i=0

10 where coefficients o, and b, are called 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) =aq,
B Ay =b,
This model is widely used in various international standards (ISO 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



the notion of 16x16 and 8x8 pi xel bl ocks.
9 notion nodel typically performnotion estimtion at full pixel

or sone integer fraction of full pixel resolution,

one quarter pixel

Systens which use a transl ational
resol ution

for exanple at half or
resolution. 5 The prediction frame Pn(x, Y) is

constructed in the Mdtion Conpensated Prediction block 13 in the encoder
10, and i s ngotien nide! Wpigal§' parfcrmiNatationy bstiMatiof ( 1@) | n. the
Predi ction Error Coding bl OCE 14, the predi ctﬁ%‘h%e(&erj%rﬁr%e}e{%mg QN %5) S

typical |y SOt ¥888r bpctieprafskent ping! resalistion, ffoni exansslei &5 halr@nsher m of

a 2-di nensi onal Discrete Cosine

Transfor WF%%PQQET %g%hjst@ﬁs TEgrtsgﬁg})LEh coefficients are quantised and

Transform

entropy (for exanple Huffnman) coded before they are transmitted to the 15

decoder _(information stream 1 in Figures 1 and 2).

Because of the error

i ntrodutedThy preskntiopatrame, Ak @peonsirottedsinatie MBRI CRFnRHNE:

degradation (l.oss of information)

in the prediction error frane Eﬂx y).

To conpens&f@di¢inn bleck 18datheenceder tharehisgien B al so conprises a

Prediction Error

P(x,y)=

Decodi ng bl ock 15, where a decoded prediction error frane

R, {x + Ax(x, Y)y+8y(x, y)] (5)

10 in the Prediction Error Coding block 14, the prediction error frame E_(x,y) is

typically compressed by representing it as a finite series (transform) of some

2-dimensional functions. For example, a 2-dimensional Discrete Cosine
Transform (DCT) can be used. The transform coefficients are quantised and
entropy (for example Huffman) coded before they are transmitted 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‘,,(x, y) 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 I,(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 da'rrying information about the motion vectors is

comnbined 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.



20 En(x,y) is constructed using the transformcoefficients. This locally
decoded prediction error franme is added to the prediction frame P'(x, y) in
the adder 19 and the resulting decoded current franme 4(x,y) is stored in
the Frame Menory 17 for further use asiphe next reference frane R'.0 (X,

y). 25 The information stream 2 carrying information about the notion

vectors is THuerbrared Mémbry 84 of thé idesoddo20 stdies Ry Beividd ré‘écﬁ%[ru'bféd
mul ti pl exer %’g and an information stream 3 cont ai n| ng typically at | east
those two t§fREENGE Bt Mkt vdnThe Pé%@l@“@'bfﬂaﬁ@ dbeopkis amstrustedrinethBr ane

Ve 24 qf, d 2 I d ref
Frame fn( 9T (R RIS ERe o DS yof el cdencich cacaprting o f on
Co t t t 5,
usi ng ¥ ecorsDgIon T oG lpFifed Indior ?ﬁrfﬂé‘%ﬁgn ot and s g R

previ ouS| y thequasiousiyt extonefraciedc eefbrente Ramme YR (x, ihe TH@edRshhiREd
transform coefficients of the prediction error frame En(x, y) are used in

the Predi cticoafdEnT coefiieienti othel preldicidnt erreofiateU gL (£, pe a@é%@@dn pRedi ction
error frame En( The pi xel s of the decoded current frame . 7"(x, y) are

t hen recon§¥ @@!@H@@I%ﬁw Q!B@Ddg\g ieclp £8do conshudtriherideothed redieton berodecoded
10 prediction error frame En(x,y): (6) Thi s decoded current franme my

be stored framend, F’faheTN@rﬁ)WlSZﬂ the déreadkﬁhemreneframde(xtdy)am Bidnl (X, V)
. In the description of notion conpensated encodi ng and ecodi ng of
di gital vitREONgHEStedt By adiling, thenpredictiosn framee of, (kAR ( &ng) they Hecyded

descri bing the noti on of a nmacrobl ock in the current frame with

r especkO t optedéctionferranfeame o fx.ade R'(x,y) can point to any of the pixels in
the reference frane. This neans that notion between frames of a digital

vi deo sequence can only be
I, (0 9y =BGy + B, (5 3) = B [+ Bx(x, y), y + By, )+ B, (x, ). (6)

This decoded current frame may be stored in the Frame Memory 24 as the
I5 nextrelerence frame R, (x,y).

In the description of motion compensated encoding and decoding of digital
video presented above, the motion vector [Ax(x,y),A¥(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 modelfing of the motion between successive frames of a digital
video sequence. Typically, modelling of motion between video frames with
full pixel resolution is not sufficiently accurate to allow efficient minimisation
of the prediction eror (PE) information associated with each
macroblock/frame. Therefore, to enable more accurate modelling 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



represented at a resolution which is determ ned by the inmage pixels in the
frame (so-called full pixel resolution). Real notion, however, has
arbitrary precision, and thus the system descri bed above can only provide
25 approxi mate nodel ling of the notionjlpetween successive frames of a
digital video sequence. Typically, nodelling of notion between video frames
with full pH@E3(+¥ése) ahd dh26k, adwsnbiibs vesidry 18 b 0 i ci ent
m ni m sation of t'he rediction error (PE) infor naqﬁlgﬂ I§s%eg\g?g{1efgf’%€{ h each
macr obl ock/P¥&lge In TeWgrds, the rapken vestore cacc bawe ésutpgidel’i regolationeal 30

noti on and e f.PE information that nust be
transmi ttecfk ﬁ@@%@ﬁggﬁté&dtgzﬁ%&ﬁﬁw \9?%5{'%8996 toha gemplexibuch as
11 H. 263( 40f(the) eradiing 268 ,dedlold bABnY 9k bRbrml een’

i mage pixels. In other words, tﬁg 6rrgt [ onnvectég@%g)r?oﬁg\%rmé?fbggwgl '

r esol ut Pon.StHI d%aNtRgenys| taninvi dbe degree Ioh\spatiabresotetion asmiotibh QRcastds t o
the conpl exi.ty of 1 he;‘encodj.j}g and dec,odi,ng:i operations that nust be
performed, SO it 1§ 5 'stil1 Advaii3ges oo i sient A Hpcedrevioypyt i al
resol uti on naentiinedn tyRc fTorRRIIGR fBotidr ' L0 Standards, such as
t hose previously nmenti ongd,rm?ypi cal ?;’/ rtc:g%f/m\alﬁ F(g\ﬂva?r%?iiﬂghh\%hcﬁgﬁgaﬁ%r”have
full -, hal Pixebrespigtiarer - pi xel resol ution. 10 Mdtion estimation with
sub-pi xel resolution is usually perforned as a two- stage process,
illustrated in Figure 5, for a video coding schene which

10 Motion estimation with sub-pixel resolution is usually performed as a two-

as

stage process, as illustrated in Figure 5, for a video coding scheme which
allows motion vectors to have full- or half-pixel resolution. In the first step, a
motion vector having full-pixel resolution is determined using any
appropriate motion estimation scheme, such as the block-matching process

15 described in the foregoing. The resulting motion vector, having fuli-pixe!
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_ixels, 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 luminance and/or chrominance values) of the sub-pixels
residing at half-pixel locations must be estimated for each of the eight new

search biocks, 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 motion
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,



allows notion vectors to have full- or half-pixel resolution. In the first
step, a notion vector having full-pixel resolution is determ ned using any
appropriate notion estinmation schene, such as the bl ock-nmatching process 15
described in the foregoing. The resultijng notion vector, having full-pixel
resolution is shown in Figure 5. In the second stage, the notion vector

det er ni ned fonekhmpié A BAB! AGe: ISsuIEHS Rl ' Lrefdpnal f ; pi xel
resolution. |n themexanpl e illustrated ZO&ﬁRQ @f?é’{ Qﬁnfﬁ?@ ?@Dd@htée by

form ng ei gMll GRARTABAPeroipineds Repargling Th maeBMretdlbth@@ﬂétid?ﬂgpfhﬁ] he
ure o. ese

top-1left cqr ock being marked with an X in Fi
c %‘%‘%e%‘i”%gggs%ﬁx "ﬂ”i‘?ﬁ?’%, -\ fﬂg\n&é]?f)fmqnfaln ¢ leeatiareke t he

| ocations are

val ues -1, sheadiid thBWri ti : S & | . only the pixel
val ues of 6%? I gi nglﬁﬁ rragengg?@gﬁ 2 I%}?\eléﬁﬁg&ﬁwéigﬂ\e@%gé%tmrOre’}(é}ﬁiﬂ e
| umi nanze &0EESPODAHt@Ailocatm haing 8)half-pixbEresohtion: s, /55 PoBSibRt to

hal f - pi xel | ocat.ions nust be estimated for each of the eight new search

bl ocks, usig'E4HE ¥R TR b’@PEﬁfi%w%ﬁ@rf’é.wr&w!hgma%mmmmxed t he
al ues of bast -6 loFe | .0 h 30 of the eight
\s{ealrjcfl bl ovcd%?tﬁég %rgﬂng:%u?d&\%me?ﬁésiogl@dr&a’gr%?@bﬂgtﬁngge&ﬁgfmm &@c??fr’e?tlsgbei ng

sought . Assub-pixe esolakomanotiomyeptorc ¢isshodtf 5ok iappRedated thaqher M ne
t he macrobl ock 1s conpared

t he notion vr?ctor. 'thf@ll %Xﬁl resol ution, :
with each Bf§'HE ’H\é\egﬂ?s%r 2AHRH PEcgdended taiatber subgieel geisoletions (for12
10 example, one-quarter-pixel resolution) in an entirely analogous fashion,

In practice, the estimation of a sub-pixel value in the reference frame is
performed by interpolating the value of the sub-pixe! from surrounding pixel
values. In general, interpolation of a sub-pixel value F(x,y) situated at a non-
15 integer location (x, y} = (n+dx, m+Ay), can be formulated as a two-

dimensional operation, represented mathematically as:

K=l =1

F(x,y)= 3 Y flk+ K1+ LYF(n+k,m+1) ¢!

k=K i=L

20 where f(k,) are fiiter 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 Fx, ¥) can be
calculated as follows:

25

Fix,y) = E flk+K) }j fU+K)F(n+k,m+1) 8

is—-K

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

identical to that used in the encoder. In this way, a frame foliowing a



for exanple a SAD. As a result of the conparisons, a mnimm SAD value w ||
general ly be obtained. Depending on the nature of the notion in the video
sequence, this mnimmvalue may correspond to the | ocation specified by
the original notion vector (having ful i3pixel resolution), or it may 5

correspond to a |l ocation having a half-pixel resolution. Thus, it is

possi EI e tde€ ?@@@nff?énaﬁ@tth@rFramﬁ)M%mww,me ibeutetopetritietiofrémf gl - pi xel
or sub-pix ' \,f. sub-pixel resolution is appropriate, to
determ ne ?Efeé"gﬁ?érﬁ’gﬁ“egaﬁ@M%IOQ‘PE'SV CtAPon motion vector. It should al so be
appreci ated that the schene just described can be extended to ot her

sub- pi xel resolutions (for 10 exanpl e, one-quarter-pixel resolution) in an
entirely ar&ieoyjBuestasay ohapplying aehipbml vahe eséipoRitioANingf valedUksdrxe!
value in the refere%ie frame,is. gerforrred bé i nterpol ating the value of the

sub- pi xel 1% BHMIPPIIR Rty Shibreixel value eygry time it is geeded Howaver trisat i on of
a_sub- pi xels ¥al uA &ifidiehl sSIBALES Bl DOMsAS Lnteger locatiop (x, y) =
s Sitiofl sSMAMA A G Hacd DAL LRLEGLL i 8 SBble That the

(n+Ax, ntely), can ormul ated as a t

r epr esent edamet $ubvpixetvaluy val beFequingd selvefdf timds t G ) (7)
k=-Kl=-L 20 \Ahe[)a%9f§‘k)) are fil tg)rq coeffici en‘ts aﬁédnﬂ%{ga%ﬁig@ﬁ%% ai ned by

t runcat i ng™CRRPLY the same subdixel vadue milkberparforoest miytiple dimes. e filter
coefficien p an val ues and the interpolation
filters ar Fggﬁjgég?%g‘ @@?Egc%ts?g@ f“@ﬁ%ﬁﬁa%ﬁj‘ﬁmpﬁwpeaf COrpPlgNite K besden dub- pi xel
val ue 1B x, e @erwodee. cal cul ated as follows: 25 K=IK=l F(x, y) = Xf (k +
Kir f (1 + K17(n + k,m+ 1)(8) 1,"-A" The notion vectors are cal cul ated

in the encoder. Once the corresponding notion coefficients are transmtted
to the decggefiorhdtiveSafpibthl WHdCTNAS%he complexity of the encoder, is to
pre-calculate and store all sub-pixel values in a memory associated with the
encoder. This solution is called interpolation ’before-hand’ interpolation
15  hereafter in this document. While limiting complexity, before-hand
interpolation has the disadvaniage 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
calcuiating motion vectors in the encoder. Before-hand interpofation is aiso
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-calcuiation in the decoder.

So-called ‘on-demand’ interpolation can be used to reduce memory

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 pixel resolution sub-pixels are only calculated during

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



30matter to interpolate the required sub-pixels using an interpol ation

nmet hod identical to that used in the encoder. In this way, a frane

following a 13 reference franme in the Frame Menory 24, can be

reconstructed fromthe reference franeléand the notion vectors. The sinpl est

way of applying sub-pixel value interpolation in a video coder 5is to
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I nt er pol at . Qn.~..Rei.ore-hangd’. .interpglation 15 hereafter in this docunent.
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to store the
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of sone swanputatisnaty ot required in calcul ating
motion vectors | n ?ér{]'feb(gﬂg?der. G%C%?'ﬁﬁh@?ﬁﬁé’g‘%#ﬁ?%ﬁei iglegpalgle
parti cul arhgny tigfes. diane the eomptbaity dsdaepolaisn td?_@cé@é.g.%i%ﬁ rﬂ%% be ’

y the decoder.

pre-cal cul at ed, sub-pi xel values will never be required
Thus, it i°§’"§'§‘95 aﬁ’t H88s 9 o%q drgkenref- coneputational joperasondeceder .

So-cal | ed opanartisiEegolos el AR s reduce mepor

r equi reman{Js in thyeﬁcg@g. ordéejggﬁg\[}gggi# Q?ﬁ%} g?egﬁ?@???)tlex@le %-Ptéfci sion is
quarter pikel vakies| becames anlinpedanpcasdidettiogne hal f unit resolution are
30 iniéarpol ated before-hand for the whole frane and stored in the nenory.

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, it is advantageous not to pre-
calcuiate 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 incorporation into  ITU-T

25  recommendation H.26L and have been implemented in test models (TML)
for the purposes of evaiuation and further development. The test model
corresponding to Question 15 is referred to as Test Model 5 (TMLS5), while
that resulting from Question 6 is known as Test Modei 6 (TMLE). The
interpolation schemes proposed in both TML5 and TMLE wil now be

30  described.

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

in test model TMLS5, reference will be made to Figure 12a, which defines a



Val ues of one-quarter pixel resolution sub-pixels are only cal cul ated
during the notion estinmation / conpensation process as and when it is
required. In 14 this case nenory usage is only 4 times that required to
store the original, non-interpolated i pgpge. It should be noted that when
before-hand interpolation is used, the 5 interpolation process constitutes
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Two inter e ve been, devel oped as part of the work ongoing
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devel opmen h e r onding to Question 15 is referifed to as
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répresent 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.
25
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
E lllll

vertical locations.
30

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



15 notation for describing pixel and sub-pixel |ocations specific to TM.5.
A separate notation, defined in Figure 13a, wll be used in the discussion
of the sub-pixel value interpolation schenme used in TML6. A still further
notation, illustrated in Figure 1l4a, mhll be used later in the text in
connection 5 with the sub-pixel value iﬁ&erpolation met hod according to the

I nventi on. |+ i that the three _different notations used
in the textJrg? Zgﬁt@%lgig?@gﬁggéﬁéeﬁﬂ%nn 3 HE° ﬂ&eﬁg%ﬁcém Hip bacadigerpl any

i nt er pol at i sub-pixehtthtapdedrstfetad h St d ' Hfdse bat I hem
Howevgr, in_al Fl_xtehree figures, G{ahe Ie??gwrih}dsi !%eépﬁgﬁ}é%%téggw' mal

i mage pi xel SUR-PIEIS Bi qednd esHlann hFigunes ¢2aGarebesa falb ilth Yhistdagedaryter A
represents l.aGat of pi xpls-in t [ e.data representing a franme of
a vi deo seq%sgﬁ%gggﬁ)équibxglé)q}gFWeg‘gUfe Bﬁﬁer@gﬁ"ﬁ@f@fﬁ@ﬂﬂhéheﬁ@ﬁefhﬂéfd as

cur r ent sf r aiggtidal (Iscation’ fig | hGE, -re r d d stored as
a reference fr[ame (I;R’a' (x,l 3§§e?ntq ﬁggfzﬁ&lnéﬁ@ io(ﬁj}g& ;ép%%’ %'ﬁf’(‘aﬁr&ate'ﬁcoder 10

or the decégsstractedAn|a sowethat des ext halfpixepreasiutions Wachi aekub 4 gns, the
i xel | ocations beling obtained

val ues of t ub-pi xel s_situat at the sub-pix

by inter polag'?i (gr‘i'? F&Wﬁi %?Har%i%r%“(ﬁ”l as §Pgd)f7éf§9 dsediand quirc biggirst ent
manner thrqyghout the text to identify particular pixel and sub-pi xel

| ocations. These are as follows: The term 'unit horizontal l|location' is

used to describe the |location of any sub-pixel that is constructed in a
I xels ¢ and e in Figures 12a and

col um, of gin i age, dat.a. , Sub- C ¢
13a, a'sé)we pﬁggﬁég'i? ghﬁe*PQ%quﬂH% horzenigl, lecation” wefees e anyhsub-pixet al
| ocati ons. thEigs E6rdTuctdd In X ¥olinsdwHi L 00 Re Scribe any
sub- pi xel that is constructed in ?H#%vﬁ%éf Qfﬂ%é%?@gglaﬁegpﬁiag, dHtLas
Sub- pi xel sSup-pinglsidiandme guF@Jr&ZQaadb-lﬁﬁeéasj awd g inFigule- IBxghg shhand d in
Fi gure 14a_fave.uni rt.ic | ocat i ops. definition, pixels A have unit
hori zont aﬁp'g%% ﬂ’mﬁt 50%?‘?i’@aﬁgf"f)%aﬁaor(g’.‘alogéusw’ the term ‘quarter vertical
location’ refers to sub-pixels that are constructed in a row which lies at
15 quarter-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, fand 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, pixe!l d in
Figure 12a, for example, has a half horizontal and half vertical location and
sub-pixel € has a unit horizontal and quarter vertical {ocation. In addition,
and for ease of reference, sub-pixels that reside at half unit horizoniai 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 ¥
resolution sub-pixels. Sub—pixe_ls which reside at any quarter unit horizontal
and / or quarter unit vertical location will be referred to as % resolution sub-

pixels.



The term ' half horizontal location' is used to describe the |ocation of any
sub-pi xel that is constructed in a colum that lies 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, ¢ a?2 f in Figure 14a. In a simlar
manner, the term'half 5Svertical location' is used to describe the |ocation
of any sub-pixel that is constructed in a rowthat lies at half-pixe

resol ution, such as sub-pixels ¢ and d in Figures 12a and 13a, as well as

sub- pi xel s Ibsheuldrals@bemdfedithae il 4% ddScdptiohBF RS Bvo 168G thﬂQi‘slagﬁﬁﬁt er
hori zontal |ocation' refers to any sub-pixel that is constructed in a

col um whi dhe (dedailes deggription-gfitheifnventionutselinit willdle assiembdphatepiseld and e
in Figure - nj xel i,n Figure 13a, and b- pixels d and h
in Fi gure 1%29 %'f@ (%fé@s?zﬁetaqqgo %Qprﬁ‘ '”&%S'r“tug} V@t%?fc?l"'ﬁ 'ﬂgﬁf‘# 8ris th@?ers to

b- pi x&| s fuhstierastebi | Bi | ' i <R xel
sub- pi xgl s eradfebitorgenet fF d Pixgl (Jé’NYeY"‘ghgh}dér - Gt b&?ﬁél"gfpic‘;qrﬂggioxe

resolution. In Figure 12a, sub-piXxels e an into t ry, as
do sub- pi xéfter@ sulxpixehhas bepgunterndatean i thalvahieel that jintbrpoisteli sud- Fi gur e

1l4a. . | i t,i on_of of .the ter descri bed above is shown by
' envel opesp&%g_eggéé% Eﬂ? Yﬂ‘ﬂec(_ﬁ%’ggd[)??df%'qt?gs? dke range ohdi ﬁf’h_ﬂ-teher be
not ed_t hat vakieksSloWet Ahak ARY Ciriflunt AIBRRA! fail RAAI'BEARE PbXRlnitby. 2

t wo- di nensi onal reference. In this case, the appropriate Wo AL onal
ref erence vabeod)gincavalues dgrgex dhanithg rhhemiunh evi ¢he iutophe trhaxidanenvel opes

in Fi es 12a, nd 14a.. Appl yin his principle, pixel din Figure
12a, f e&%H‘BI(gf{“%ﬁég"ﬁOﬂgﬁt'oﬂdgi%h?fgﬁ{ip%{ﬂ@} hal f vertical |ocation and
sub-pi xel e has a unit horizontal and quarter vertical location. In

addition, and for ease of reference, sub-pixels that reside at half unit
hor i zont al Th@culmpikel vaitpdaterpolation muhemeniacctwing tmtEMLANGilihad beni t

vertical | j . a ..30as hal nit horizontal .and half unit vertical
| ocat i ons,é)%‘b%@? (i?%ﬁwét& r%gerggca}%h%gﬁ géfio ﬁﬁdgizﬁel s. Sub-pixel s
whi ch reside at any quarter unit horizontal and / or quarter unit vertical

| ocation wil| be referred to as % resol ution sub-pixels.
i 1. The value for the sub-pixel at half unit horizontal and unit vertical

location, that is ¥ resolution sub-pixel b in Figure 12a, is calculated
using a 6-tap filter. The filter interpolates a value for ¥ resolution 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, + 20A,
+ 20A4 - B5As + 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 fiiter as used in step 1 and the six nearest pixels or sub-
pixels (A or b) in the vertical direction. Referring now to Figure 12¢, the

filter interpolates a value for the Y% resolution sub-pixel ¢ located at unit
horizontal ai vertical location based upon the vaiues 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,
- 5A, + 20A, + 20A, - BA, + A, + 16) / 32. Similarly, a value for the %
resolution sub-pixel ¢ at half horizontal and half vertical location is

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



17 It should also be noted that in the descriptions of the two test nodels
and in the detailed description of the invention itself, it will be assuned
t hat pixels have a m nimumvalue of 0 and a maxi num val ue of 21 where nis
the .5 nunber of bits reserved for a pjxel value. The nunber of bits is
typically 8. After a sub-pixel has been interpolated, if the value of that
i nt erpol at ed U S I : by el estricted to the
range of [O, élg}%no i .e.oﬁég‘lﬁggsf F%&g*ré%t Eﬁvﬁa{)?lgwﬁlﬁnlt@rhﬁ%agﬁ'oaiﬁ \‘/Qﬁjl‘fé Wil
become the ni caloultediarghe @) saingixeld ans furiweg@lippbano tieeinnisi @HELW | t he
becone maxi nu }}Oval ue (2n-i). This operation Is called clipping. The

sub- pi xel val®té’'# nterpol ati on schene according to TM.5 will now be
described in detail with reference to Figures 12a, 12b and 12c. 151. The
value for the sub-pixel at half unit horizontal and unit vertical |ocation,
that is5 1/ AtrtARppeintdn fhiebint ' ' ' y ing a
6-tap filter. Thke) filter i ntgitgig?g?g;brgbgﬁ Sgéf\ﬁarmﬁz(gﬁégo)lﬁﬁr%}lg%rql@hb- pi xel

b based upsubtpirclsahage beenheaR:utaiel sintAthd opross pretesds o2 W at
y

unit horizontal |ocations and unit vertical |ocations symetrical about
20 b, as sEalslationEphih wsohBionsitopitehyaluest he fornula b = (Al - 5A2 + 20A3
+ 20A4 - 5A5 + A6 -1- 16) / 32. The operator / denotes division with
truncation. The result is clipped to lie in the range [0, 2n-11. 2. Val ues

for the 1/3 nengésitoome Yo rosoiblin [SaBirad 18 ale &aér%%a{cﬁ&tg@:ug%bg he 25

same six tap filter as used in step 1'an e Sl X neares

sub- pilRel s ( Anear tigterpolation \andt thenivatiiaseot it . nd2abstr pixes noW ¥ QrFigure 12c,
the filter interlgf)l atﬁg ae\‘{al u&ﬁf or .the 1/2 resolution sub-pixel c |ocated
at unit hori $$H4UIO%FAORREIS (g baizanial direstiopaMege speaifically, walluass of t he
6 pixels (A §401£A8bssiutivRt b | . UR hJ || | ocations and
unit 30 verti ca_l/ﬁl })a(s:g?ilgﬁs sy B(et?sr :a(::)zli y cgt?éugh%ﬂggyééggh% Jl"bCft'“H‘lét formul a
c = (A - SAgedicabAgcationnd are5ABloulated + by6)aking2 thSi miviesade/, oft tal ue for
the 1/2 resol ution sub-pixel c at half_ horizontal and half vertical

| ocation is hﬁﬁ]@ﬁa&?@d “E@E’PHFHQ PB‘SL al ugit hogjgontal sapd uniboyerticalshs + b,
4- 16)5/ 32. ochBoAgpinel A)End@ RS dnphedi LMAG ! 1B el rypeation.
The val ues cal cul atggd félr)_t he c sub-epci‘litgﬁ)sm%@bgldwie’%nr(ﬁ\g:oyggh #{rbb lie in
the range [opixgl 13t hailt hernrant@loiand wunitt verticalt dogatioat i(sub-phetds)s itdie val ues

o ooeeds co SROHIOCRERTATI BT/, VBB GRLGAT il PNns Hlafiioio™s
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 locations respectively, i.e. according to d = (¢, + ¢)/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 e, at half

horizontal and quarter vertical locations are calculated by taking the



3. Values for the %resolution sub-pixels |abelled d are cal cul ated using
10 linear interpolation and the values of the nearest pixels and / or 1/2
resol ution sub-pixels in the horizontal direction. Mre specifically,

val ues for %resolution sub-pixels d [l8cated- at quarter horizontal and
unit vertical |ocations, are calculated by taking the average of the

i medi at el y &EGEHAF theginyhrdiately nefghbobdng sobtpikelatchalhhorizcmsl asd 15

| i i I . i di. | i ghb i 1/ 2 | i
Lonatl ey 0y X doidNocdBel GRS B hparihe SRrediad eRiohBaRsg §9b- b) . i . 6.
according t o pikef dt Aatf Wdrizontal M) HES vfeﬁfca‘f/‘idc%?i%”(%hg{bifél )ggfég({.@gldgo' ocat ed

at quarter horizontal and half vertical |ocations, e ca y taking
the average & & tre(l mehi/ & eFyrthesimprop i iregolition ek pikieRne Satbqeamsl S ¢ 20
whi ch Lie at 8@%{#“ hgggzﬁont a}t and half vertical |ocation and half horizontal
and habf ver f A GHENCLYEBIE! Jegalions are galcylated by daling thel +

€2) /2. Agai NaoRRigat Girthk inRBEALRSnSiKbSLAY, Wit Rptdancation. 4. Val ues for
the % resol ution sub-pixels 1ab€lled e are ¢al Ul at ed Using 'V'25" 'thear

i nt er pol at i oANdnnit lverticall Uesatin whd theacestspondihg filslpixePrat l4@art@sol ution

sub-pixels ipn the vertical direction. In particular, |A resolution

sub- pi xel s eH%?ZQm?f 3%?‘?&8&(‘&9‘3 &?ﬁ?“@ﬁéﬁ'ﬁ'@% d).cagcordingtto ans (dr e

cal cul at ed tyaki : i i i ourin i xel at
i ¢ hor i zon 2l ARG SHeAHRy Plndiciies AVRIOE WA AR | et ac el v 30

nei ghbduri ng sub-pixel at unit horizontal and half vertical |ocation
A+ cC . % resolution sub-pixels e3 at

(sub- pi xel according. to e,= ( ) 2.

hal f hori f’oﬁ%’%ﬁ’ V3 tﬂ!g' ¢ ’ESolgian sub-niesd 4tis dnterpolatashby wiveraging yhe aki ng t he
19 average jinfirdiga [ ' ub-pixel at half horizontal and
unit verti cg{ahlg%%adtfi on (‘SE@@;%?Q?F)&%?%&#G&?@ Li"}’rfr@&’%ﬁ?@{% d% i ng

sub- pi xel atlotatidnshaccamiiiglo fandAhald, wag tixal 2 paaivhere pals ) ¥8l c).
according to, e = ?\g + % 2. Furtherpore, % resolution sub-pixels e at
quarter 5 hdidhfaare hearesi QriginghpiXelicat i ons are cal cul ated by

taki ng; the average of the imedi ately nei ghbouring sub-pixels at quarter

hori zontal and unit vertical |ocation and the correspondi ng sub-pixel at
quarter hdrdisadvantage binBWL Svier thiat ahe ldecatieois ceripupatidiaily Gomgiesor di ng to
; npe

e = (dl +.d2) [ 2 .0nc re tor / indicates division wt
truncatio '.%1'3 Iss%l_%s R \?’qug%t t?‘@f)?g’gl‘%e'&ﬂstﬂﬁ 8RPASh N which interpalatiampol at ed by
aver agi ngoft b Pea8bN&SHO el | jess . It horizontal and
vertical | og%tt_i onsﬁgﬁ%ﬁ% ‘fdg‘g’?;i&ep%{fé@ iﬁg’i-ﬂlﬁg 'fﬂ%ﬂ)‘bﬁ‘%or} oj, ﬁ/\/ner e
pi xel s Alrespipition3s wed. hEhisomeans athas tin ooideir @l imerpdlide the A

decoder is conputational T‘? cgrrpl ex. This

di f i h h
r;:3%2n1§%§9§-{%§4I’?ﬁ@t‘ﬁé‘ﬂ/}_sﬁ'grﬁ’é%lsa?h%ﬁﬁﬂﬁéﬁ the Khraselutianeswod at i on of

% r esol utg; } I t i in of 1/2
resol uti oﬂrll%s]ﬁgf&g{]ye ngégeésf.g TS ﬁg@rﬁ@‘?%&%ﬁ%ﬂ%ﬁ%{eﬁ@kﬁ MeRat e the 20
val ues ofsindestheAvakms! oft same saflthpi %elesolutiba mgaélsofiepfm Idgop%gl ution

e calculated first.

sub- pi xel,s fr@n}%\gi ch thg}/ are det er m ned nust :
Fur t her ndPEPYRIRAVaIHES Phtaiaed der Qibve Yoresakaion sub-pixalsithencatiob-gfi xel s
depend u 1 i i.ned for.other, % resol ution
sub- pi x_eF@? /{ ﬁsﬁéﬁﬁn oi &t%ﬂ‘ég@; g%@?‘%@?&%‘?”&ﬂﬂ%& £8/the pregision 4 o
del e2®ri someel aht Wnrdsbiutiohesits-piel ¥hlues. 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
TMLE is that it is necessary to store the values of the % resoluiion 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 o TML6, referred to

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



25 some of the %resolution sub-pixel values. Specifically, the "A

resol ution sub-pixel values are |l ess precise than they would be if

cal cul ated fromval ues that had not been truncated and clipped. Another

di sadvantage of TM.5 is that it is necggsary to store the values of the 1/2
resol ution sub-pixels in order to interpolate the 1/4 resol uti on sub-pi xe

val ues. Th 18t j ' a1 O St .a result.which is
not ulti matq glﬁﬁéegﬂf?ﬁ%ﬁ@é&g@ﬁ@ﬁ%%ZMLS)Q?&BFGI&?IH{%!P %oiﬂ{gtg \oéjﬁfys‘i‘ﬁwe ccordi ng
to TM.6, r €MD eiblarpolatiori medisod)i excepti thiaerpakiaiumnpredidibn newdiginggscr i bed.
In the encager hhe T%i)%i né{%}r_.golcﬂg)i on. net hod according to TM.6 works |ike
the previ odSiAIGRUL N5 aGligved PY UsNGiNematiateomiueswbiah gfeaneithed num .
precision i i u RIS A hi.eve usi inte di ate

Vel s whi U (0P ot B Qbp LTS Bp:! de NG S Bplp Il @REbPHDt ; on of
i nt er pof at iagoowind bl TRMLEC a9 agiphied 1o tHeAcedertiBivaf bbb WRhSRS&Eake! S 0 ven.
below with reference to Figures 13a, 13b and 13c. 1. The value for the

sub- pi xel & FIGAIres G 1HdANGISCal and unit vertical location, that is -1/2

resol ution sub-pixel b in Figure 13a, is obtained by first 10 cal cul ating
an internediate value b using a six tap filter. The filter calculates b

based upon 1t Hehevalalies fof thbesub-pixeelat AL Gt MDrizohianad ey dr’m Yo at unit
hori zontal |qcations and unit vertical |ocations symretrically about b, as

shown i n Fi gdeeation, thalde ¥ easelution sutepicet min Rigure: 18Alis-ottained IR0A3L + 20A4 -
5A6 + . T i | i | | at ed b,..= 15+ 16) / 32
and i sﬁfl) i ppggl({dé&ﬂ!ge\é?’nﬂﬁﬁ@ﬁ?@ﬁg J[ag?é]éf ?uﬂcn% %S%B(e?%sﬁ ef,llte(rﬁ]gr hsp diltat er /
denotes di vi Salulaes b basstogidrdhe valud@biiie & 9fxe‘l§|1@\1_]tB-Aé) %ﬁﬂéfétdaﬂark% e val ue

| val ues

sub-pi xel s | abelled c are obtained by first cal culating Tnternme
c. Referring®W & it Borizentablecationscadrnit verticablogations symmhetricaly

resol ution sub-nixe i ord zontal cand hal f yertical

| ocation is %QPQLM%%“%‘Q‘@Z’E l@%.ﬁjtghécgcﬂjpif@stoo egﬂrén'éag?'ié%y%&?‘*to AG)
situated in 208gHUROAAL SARIHAHOThE dimapvalue ity @ﬂﬁeﬁ%ﬁldﬂlﬁtbd‘éﬁj%@@i
| ocat i %ns symrgé{;i cally about c, according to the fgrmula ¢ = (A - 5A2 +
20A, 4920M4° + /4‘32AB§:¢ Ig1elippedde leindhe ganged01 22- 135Asdsefion,i the

sub- pi xel ¢ L b Rar i tal hal f vertical location is then
cal cul at ed aé@%@é?ﬂg@%no&% E'Jﬁéﬁ%ﬁyn@gn& mlarly, an internmedi ate val ue
c for the Y2 resolution sub-pixel ¢ at half horizontal arid half vertical

| ocati on |aqs ga‘culifi)teﬂ according to ¢ = (b, - 5b2 + 201:13 + 201)4 - 5b5 +
ba. A find Yalugs ©5ihenisrepolutiopssubmpixsls fahellgdyerre ohtaisadsby dastcul at ed

SCoor o 19 AR 2R Selest T BB, ( BRRLES fheree”n L
furth20 cli pinbermesiiatoevaloet befor ahgeld fesolutitdn 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 vertical 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. Similafly, an
intermediate value ¢ for the ¥%2 resolution sub-pixet ¢ at half horizontal
and naif verticai location is calculated according to ¢ = (b, - 5b, + 20b, +
20b, - b, + 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°-7].



21 3. Values for the 1/4 resolution sub-pixels labelled d are cal cul ated as
follows. Values for 1/4 resolution sub-pixels d |located at quarter

hori zontal and unit vertical |ocations, are calculated fromthe val ue of

t he i medi ately nei ghbouring pi xel at qunit horizontal and unit 5 vertical

| ocation (pixel A) and the internediate value b calculated in step (1) for

and unit ver oY AuRE BRAAE RS SRbRAT TR aft calumatnesto a -
(32A + b + 32llwes Vafalesetor! of rbbOIRP!SH Bkttt AokSley by gggégg o g

quarter horizontal and half vertical |ocatio are
the i nt er meditrzonabasd unitverica ddcitions herd FRRYI AR Bfoﬂ?itt?@%ﬂfé ng 1/2
al

resol ution suh-pixels c which lie at unit horizontal and vertical
| ocati on and Giai¥e iBMedataly neighbauringepined adt Lioitahorinentz spettuvie! v,

di ~ 2cl ; 4) [ ..2048. Agai [ 1 ndi
SRR e N R oM PTG T
b- pi | i ' in.th 1.2 - 1]. 4. V
Fub-pixel ey 4 b AR oEol el Rkl b ot e
vales 1o AN RoRs ot bnR vkt Okl 0l lo b9 by 2T

quarter vertical locations are calculate € va

nei ghbour i ngapterdingttouhi=t (38X iz bni F2)gnE4uUNialudeibs %"reéﬂﬁﬁbh% _bi xel A)
and the interpediate value ¢ calculated in step (2) for the rmredi ately
nei ghbour i ngPess ddesatad shaquanepihosizontaland Haif Veﬂivaaﬂo@am)ﬁ%?'éreVert i cal

| tiQn, ' t .= 2A.+ c+ 3 [ 25 64. Val f Y0 luti
cub. pifel ARG i  Mesidtsimeidun vauas: e caleuiated fordhe ons ar o
| cul ated f [ | ¥ al | gul. at ed | t 1) for th
mrodi at ol y o SERACh ERPOLG of TeiRofiR i aBeRee Waid Rerabunfal and
redi ately_nel . SUBBIREEAE dittal and_
for the i mred:ate e'?“g' el gnbaur e 1) S CEOoR: S KA RfRORLATRGY hy?' P (2

hori zont al avfitigal onsdespeoﬁmlypaccec@iqubng:i@320,=+@§ab1¢23)7 1024) /
2048. Once %@ Rﬁerator /Wfrz}; i ndi cates division with truncation and the

finally obt apr apesalasy ingicates divisian vith druncatiqgrpend: théie in the
ran 0, 2/ f sQl.uti.on, sub-pi xel s | abel | ed are
ra rrgaﬂe 0 usifﬁigllyﬁ%bt\é%é@% rB5oftRion SLibHiRl SRl 4% clipped to lié in
the range {0, 2"-1].
4. Values for the % resolution sub-pixels labelied e are calculated as
follows. Values for % resolution sub-pixels e located at unit horizontat
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 % 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 p
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 v
30 resolution sub-pixel at half horizontal and half vertical location,
according to e = (32b + ¢ + 1024) / 2048. Once more, operator /



S5val ue of the nearest original pixel A and the internedi ate values of the
t hree nearest nei ghbouring | A resolution sub-pixels, according to g (1024A
+ 32b + 32cl + c2 + 2048) / 4096. As before, operator / indicates division
with truncation and the finally obtaingd for 1/4 resol ution sub-pixel
values g are clipped to lie in the range [0, 2'-1]. 10 6. The value for %
resol ution supdpiates fdihSidntWitROk i agl gy v f the 4

cl osest pixels at unit *mri zontal an \t/lg%t ?éé’g(? oéga[{boﬁé,%bgagﬁ?ai r% to f =
(AL + A2 A3 resalution sab-pixdi valbes e at@cﬁp}wm@mﬁe% . A2, A3 and
A4 are the four nearest original pixels. 15 In the decoﬁgérefo'g‘bﬂbi xel

val ues can be obtained directly by applying 6-tap filters in horizontal and
vertical dir j I h ase of % suyb-pjxel resolution, referring to

i gure 1aa> CRICRE Torh coadiviaT SnPepidesSi1RBBIGS oo pse comaniod uising ee & at

unit veyticalaleat i nahfosk drighal el A i | Xspixels 20
A [1, -5 52, 20, -5 ‘1] for & al e siagds%-%%gﬁ%ﬁ%‘% ‘f"‘g‘@-%%%o, 40,
-10, 2] for &t nedrest ueighbquiringl ¥ besdoiibrd kub-pixeid0 ackdrding tolg £ or a set

of six sub-pi d..Jhesg filter fficients are applied to respective
sets of pi xe@g%‘f'“ §‘u%2:[%ff AR ﬁ&@n‘é@%vﬁ%?efmé, speaieseindicateres bei ng
i nt erpol at edg; t fi £ L1 o tal. and vertical
di rections, Fiﬁ%gﬁg} Z@R\bé I({)}g a@?‘?&%’?%?@%ﬁ%’g@ré ﬁgg?@men:&('te' + 2048)
/ _4096 and cb_ixm@@m(gs bia?eidiipbbﬁ_tbﬁ@%trﬁé)rar?déEH, 2”-\92.99 a notion vect or
points to an integer pixel position in either the horizontal or vertical

di recifon, many zero coefficients are used. In a practical inplenmentation

of TML6, djfifegrent branches arge used in the 30 software which are opti m sed
for the d%fiﬁ%ﬁ@t’%@‘p‘%&&‘?s‘gaﬁ% '@*Hﬁ'tP%éﬂ@?&fﬂé@%@yn@wagiﬂgcm ons by

zero coeffi ¢y . t @I J 1/ A, resol ution
sub- pi xel vaYﬁggifrfe%%b%zﬁlne cﬁ?ée}gtap;ﬁ rﬁgP%g‘%ﬂ%‘ﬂ%%‘?%é?g{oga\ﬁ%%es
referred to atadingnid far GAneiAdeAsved, fir2)m 4,0nherecthendcslionipetpixakues for
Y2 resolutio ég?b- pixel s. Thﬁrgf ore, in ohtai ni.ng the "A resolution

sub- pi xel val'l ,'AFtan§ E‘h%'ie &Y aP3reshoagingliPXels- 5 final val ues for any
of thgs1l/2 resolution sub-pixels. Specifically, it is not s uct.ccti y to

carry out the truncation and clipping operations associated with the
cal cul at i bnthg deceder, sabmixelfualueshear iber efstaingd dinectlyobypiapplying Beapher is it

necessarygt0. . hav imal val.ues for /2 resolution sub-pixels for use

in the cgf'%%lbaﬁ g}?ﬁ—%?’hfaﬁe%(iqfe&%iu&ir%ﬁ'%b- 18 cageyel “Trebdidle TM6 is

10 conput pésonutidr, Yefee ﬁﬁﬁ@u%1ea.ameTmesco@$fsJi&w%p?vl\i/§g¢@§betégs gﬂg. clipping
I a ig

operations are required. However, a disadvantage of
preci si onSripipleat Bnit yertiegllocation ére [0,:0,t6% &k &l for auset ohsikipixalecoder .

Fequi o AcHE eS8 R0 LA & SN BBl Hofhot 8 40 dd i dBief on of
direct 15aiset ef six sub-pixelsbsaed {1, 80 20n52ME 1foRA gm-d%@-_@dbfp%ﬁ?é on has a

hi gh menory_requirenent, This is an inportant factor, particularly in
embedded 9. 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°-7]. 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.



devices. In view of the previously presented discussion, it should be
appreciated that 20 due to the different requirenents of the video encoder

and decoder with regard to sub-pixel interpolation, there exists a
significant problemin devel oping a nmephod of sub-pixel value interpolation
capabl e of providing satisfactory performance in both the encoder and

decoder. Fur sharlchireenotedi thieln PlLiEhe: ea80l@Yn L&S i)ﬂ@ﬁ)qa%;%s(éﬂf\ﬁ/'&ﬁ {I&%G)
descri bed ﬁ{] tr?e forel%oi_n 25 can provide a solution that 1s op?i m f or
appl i cat i of'ERIY SENGEReIa Medinte dabies refSoednts pbote tnd dravieditdeoRed
30Accordin | S e.inyention there is provided nmethod of

i nt er pol at ?rgtrrﬁi{ﬁué/éi’é e%ngo(g‘ﬁﬁédiq}(ﬁ'% @ﬁq)é/r{eﬁﬂléfa@n SYhppixelisnd hereferss iar r anged
in rows andbtahingrtseandekeRrien UGS gy | f.ied, dynami c
range, the pixel gniﬁn the rows residi ngVéa{lt?ééd’ﬁF{ ﬁ%ﬂrﬁg%%séﬂ?ﬁ%ggf@@g and the
24 pixel sfin@l vakegolairmny pbdheli tagresoluiont swepiietsal Speciitalnst i fot

interpol ated to . generate values for sub-pixels at fractional horizontal and
vertical |0catT ond, “t' "% PAE TS ARINGRYPD AMPRIRG QRrefElieas asseatateshs bei ng
defined acwithdhealculdiioh of MENAINEd Fddorfid ayhngd a. maxi num
value N, the method 5conpri si ng\;ggl dbasl)f%\aﬂqeé\)%/g#t?‘é@dpgérﬁgﬁkpgﬁ'i\éef‘g’eéfs 1/ 2"
uni t hor i zZibAEaEssAM tahiave woreddinial Valoas fon, resoltionisublisixéeisapt ake gnd 112N 1

' ol I ired, int | at | h val directl
unit verti lﬁ?egé@ﬁﬁ@bﬁ? 8fp ?h)r(% ‘/g er%ﬁé[@pﬁgé&-ﬁﬁq%ﬁ) tv%ﬂiﬂgg z%lﬂjérgfgrgn%&zﬁi Itsr \e/ g rt iyc al

usi ng weig
120 UmiE et el et oanpiex HanMMES "ol teder uherid alfierbleds ™
di rectly w&igtiengase ciequired. However, a disadvantage of TML6 is that high
precision arithmetic is required both in the encoder and in the decoder, High
precision interpolation requires more silicon area in ASICs and requires
more computations in some CPUs. Furthermore, implementation of direct
15 interpolation as specified in TML6 in an 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 (TML5, TMLS6) 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 ceding 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



first weighted sumof values for sub-pixels. residing at 1/2N-1 unit
hori zontal and unit vertical |ocations and a second wei ghted sum of val ues

for sub- pixels residing at unit horizontal and 1/2N-1 unit verti cal
| ocations, the first 15 and second vveig ted suns of val ues being cal cul at ed
according to step (a); and c) when a v&lue for a sub-pixel situated at a

1/ 2N uni t % &12GRt Rk 10 ert.ical. | ocation is required,
i nt er pol at iqﬁg such a %ﬁﬂé{sﬁ{}ﬁﬁé nég %ﬁ'#/\é’faaﬁfag EFSgs Hremplateditge of a
first sub-gereraervaiieeforsutupiker atiratdNalRbhzdHal i 18ns UNi t
vertical location and the value of a second su:f)-pi xéerl?@ggh’&%g&é?‘%%t ed at a
1/ 2N+ uni thdraciepak hodzental andveerticalalochiierat ibeng detined| R=oming toP and g
taki ng int r I .in the. range 1.to, N such that the first and second
sub- pi xel ng?, 5‘?‘%&??‘&%9%‘@’5%8%&%@@% § Rximune yghta N; dhe vetbad- pi xel

at 1/ 2"s unbbnip_msi;fg@nt al and 1/2" vertical location. 25 Preferably a first
and a second wei ght are used in the vvei%gted average referred to in (c),

the rel ati &k wgmivalihss fof subepixels gitt 3/D€1 ngiti RYSICHRAIY aRH ORGE h’eﬁﬂ%i to the
Re first and the second sub-pixel or

traight-|] i | imty of
|(oisxcr=,=fII to 1 :Sgﬁaﬁé-gﬁgﬂ)?@"ﬁﬁf{f%h%mynﬂo}{aﬁ‘. A6t ertispldocations3aree raguimid,
| tion. | ' ; ' d b- pi xel i xel
oy symmet MerBoRaling Uk vIBs Ridocy sl wBBidd SR Bt Bl e i® abb- pi xel

at 112" 2enitihptizordal anthuait vertital Iezatiges:t i cal | ocation, the first and
The first weighted sum of val ues

Focond g LM BeR T4 BRE: SOB el bl Loeonecomt ST ook someny
i) 37 SRR RIS ASRBARG lnod sk ohBEh ol 7o
first weighted sum of values for sub-pixelg 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 1/2M' unit vertical locations, the first
15 and 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 172N
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 1/22 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.

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
propoitional to the (slraight-line diagonal) proximity of the first and the
second sub-pixel or pixel to the sub-pixel at 1/2" unit horizonta! and 12N

30  vertical location.

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 172"



The second wei ghted sum of values for sub-pixels residing at unit

hori zontal and 1/2" unit vertical locations in step b) may be used when a
sub- pi xel at 101/2" unit horizontal and 1/2N-1 unit vertical location is
required. In one enbodi nent, when val ues for sub-pixels at 112" unit
horizontal and unit vertical |ocations23and 1/2" horizontal and 112"

verti cal Iocat'hons are r(?(;iii,yed,_ such values are interpolated by taking the
average of YHENQUFQUA apd 144 werticaklocaligr therfirstiBngi sesiontoveigsts aiaya

vertical | geald aﬁqul(uggpondi ng to that of the sub-pixel being cal cul ated
and unit horizontal [ocation and a second pi xel or sub-pixel l|located at a
vertical location corresponding to that of the sub-pixel being cal cul ated

and 1/ 2" un[lt f)ori zontal location. 20 Wien values for sub-pixels at unit
hori zont al difd tH$toweighted @i ehvalussaforoasb-paxals regidinmiat m@'i'zanttal and
112" unkt Lheal cati : r Lred, they may be interpolated by

t aki ng he%'tépg%éah? %ggégﬁ%gg’c&ﬁgﬁém S Pﬁ%@"f’y %’re used whet a|$bated at a

hori zont al ;iim:aunmﬂ“qamrmmmﬁmdqu’w\@fnlié&%cﬂﬁanné uiRgl,ng cal cul ated

and unit vertical location and a second pixel or sub- 25pixel | ocated at a

hori zontal |ocation corresponding to that of the sub-pixel being calcul ated

and 1/2" um g . ti Val ues fqr sub-pixels at 1/2" unit

hori zont al wg%déle%f)éb(&ﬁéﬁgr{'@@%rwggya uggj ﬁ%‘ﬁ%’p %@"’ﬁﬂgéﬁialtmaoﬁ‘@’taki ng

the aver agandf1/gl uas veftical picagbns af eph grha be0ydd w'ﬂ@ﬁiazﬁt%-?lxe??fil uni t
0 a

vertical location and a sub-/o%el locat at a 1/2" unit ri'zon and
1/2" uHit V& runibhonzeataliand 1/226 uvitivestcal lrcasiob-ipremlissdat 1/ 2N uni t

horizontal and 1/2N unit vertical |ocations nay be interpolated by taking
t he average of values of a sub-pixel located at a 1/2" unit horizontal and

uni t verti irabné arabddimentiihén valuedi f6plsubqsiadis hiat/2® uaiti RorRontA UHe! and
1/2N-1 unit vertjcal |ocation, N . N
unit vertical locations, and /2™ horizontal and 1/2Y7 vertical locations are
required, such values are interpolated by taking the average of the values of
15  afirst 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 location corresponding to that of the

sub-pixel being calculated and 172" unit herizontal focation.

20 When values for sub-pixels at unit horizontal and 1/2" unit vertical locations,
and 1/2%" unit horizontal 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 focated at a horizontal location corresponding to that of the sub-
pixel being calculated and unit vertical focation and a second pixel or sub-

25 pixel located at a horizontal location corresponding to that of the sub-pixel
being calculated and 1/2™" unit vertical location.

Valies for sub-pixels at 1/2" unit horizontai and 1/2" unit vertical iocations
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 iocated at a 1/2M"!

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



5 Values for half of the sub-pixels at 112N unit horizontal and 1/ 2N unit
vertical locations may be interpolated by taking the average of a first
pair of values of a sub-pixel located at a 112" unit horizontal and unit
vertical location, and a sub-pixel located at a unit horizontal and 1/2
vertical location 10 and val ues for th& other half of the sub- pi xel s at

1/ 2N unit h rizontal .and 1/2N upit vertical |ocatipns are interpolated by
t aki ng t he a"\}‘é?%é%’ Ho-gixelschn Qpéi‘}“ Bgrizptaleandsfl /2 Hﬂ&eflerﬂ!@émtmiloas a unit
hori zont al [ cat 1/ 2"
i hor zonaPeTRierFBIOL BY ARG P RYR B TS I sl Tofhed

sub- pi xel s ahta N wif borhwnﬂa!mﬁchbnmlvénibblzkﬁ:aﬂﬂhtaMQrat SQBJ pixe?GSddieds are
alternately |nter,[])olate for oge such sub-pi xel by t aki ng the average of a
first pairabf Wl hrgosialand e pi ¥Bit vedicad sgationa 1/2" unit horizontal and
uni t vejtlcal | ocation, and a sub-pixel located at a unit horizontal and
1/2N-1 unit 20 vertlcal | ocation and values and for a nei ghbouring such

sub- pi xel Waldeakiongatitef iay subgrxar am&é%mdheﬁtémaf an@lyss ugﬁ v@

| ocated at a unit horjzontal and unit vertical |ocation,
| ocated atlogafipps mayt be iMerolatad byitekingthe avarageaif d frshtpiaimof \aaBJé\se

b- I d, 1/214 t t b
1 Cernat oSt At B lldestt uE & 42 i Rofironutl po Gk kiah foatiene at 1 ¢
uni t hori zamd & saingixbl Mdatey kit weudii ﬁ@hzérﬁﬁﬁéh@ r!?z"‘m!mhevé}héélrlaéé

|nterpolated in a horizontal direction. 30 Wien val ues for some sd% pi xel s
at 1/ 20 ynard watuesofer dhe plberLhalf ofthe &é}—paxeal at aw unitshaizenta qurid ed, such

| | | f
hei ghbour | Mg plLERaea Blatting, 36 erifaliE Y2 faidhe oBepvapopnebapol at | ng
sub- pi xel sejomeispait bEvallYs 66 ANxabeReacthtH! TRit %)‘lzbﬁté‘?la\‘l‘a ﬁrﬁ?v&:%&l“l ation

of an internediate value for the sub-pixel values having a dypnamc range
greater thﬁﬁatﬂ% aipba; subepixel ogated at makge. uniehprizentabandt #2VAiumit for a
sub- pi xel g% Adiidn. Sub- pi xel resolution nay be used the cal cul ation of a
sub- pi xel value having 1/2" sub-pixel resolution.

15

p| xel

Values for sub-pixels at 1/2" unit horizontal and 1/2M 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 focation, and a sub-pixe! iocated at a unit horizontal and 1/2™" 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-pixe! located at a /2 unit horizontal
and 1/2™" unit verticat location.

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

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

the average of a plurality of nearest neighbouring pixels.



10 According to a second aspect of the invention, there is provided a

met hod of interpolation in video coding in which an inmage conprising pixels
arranged in rows and col unms and represented by val ues having a specified
dynam c range, the pixels in the rows yesiding at unit horizontal |ocations
and the pixels in the colums residing at unit vertical |locations, is
interpolated to 15 generate val ues for sub-pixels at fractional horizontal
and vertical |ocations, the nethod conprising: a) when values for

sub- pi xel s AdtleRsl pnarftstapra)zand stemby interpolatng istdhpixek adfuessdireumg uni t
hori zont al Lf . unit vertical J|ocations are required, interpolating
such val ueéj%gl%r Q@fé@}e@ﬂ’ﬂ& WY JHY e gﬁwaﬁu‘%ﬁ'%PE girmpgliate vauai t

hori zont al eUs\it- } } ami -.pLxel s at
Al i ¢ har s ot o Yany e (i & UphamiCailds Bradeh ol e SHRARR

i nt er pod at dygamierangsl ues directly using a wei ghted sum of val ues for
sub-pi xels residing at half unit horizontal and unit vertical |ocations

cal cul ated according to step (a); and 25 c¢) when val ues for sub-pixels at
guarter uni J JATcT: i~sal. kocalj re required,

i nt er pol at thh@%‘gﬁ@?%g@!ﬁ%;@f%%ﬁé) 'ﬁé‘t""é’@ L’gg & ba‘? &%fe%g?m@ﬂﬁ 'B%Y r of a
first pairbefusedlthesabilaionud asutepixbbealtie thavingat Isubusié! reapiugiept al  and
unit vertical location, and a sub-pixel |ocated at a unit horizontal and
hal f unit vertical |ocation and a second pair of values of a 30pi xel

| ocat at ABcord 'gﬁmqa i : | sub: pi xel

| ocat 2? atAa halr1Eg Eﬁﬁ{t& ori és nt aPPgirﬁatdm %ﬁ#éfjﬁb?}eﬁﬁ%ﬂogﬁﬁdﬁg@lgﬁ%ﬂof 28
Accor di ng interpotationdn agfeec toding timevhicty entizge thepesing pikesi fieghgegret hod of
interpolation in video coding in which an inmage conprisin i xel's arranged
in rows arl femstﬁmiaﬁﬂﬁmﬁ EEMRAe] DY yafias havna @ sp dymamigy nani c

range, theapgsehise ip:i}(eﬁs.hﬁ} "ﬂ‘i’é"’?oﬁ@srbgiidff@méﬁ uri ttuorl?}%{nit ,OQE?{H%J%%?‘I iS@‘rés and the

5 pixels in"the colums residing at vertical Toca

i nt er pol atpixels dngidwecclumnsatesising et unitbveitical focatiohs At imegloldteriteont al and
vertical |locatjons, the fractianal horizontal and vertical |ocations being
defi ngs acﬁ?g\%fﬁé%géqlgeﬁf%S'&Ffé‘?é"‘“‘)@tifgacéoﬂﬁgi‘?ri’wt?'rﬁ%89“&9&(/‘%@“@”$mxi nmum
val ue N, tth@nﬁahb@(toﬁﬁmgirigii ng: 10 a) when values for sub-pixels at 1/2"
unit horizontal and unit vertical |ocations, and unit horizontal and 1/2"
unit vert i@dawhesc Xalushsfosr sul-pixels &l halhtuniphicaizontaisanth vait uestichlr ect | y

ijzicg?i gﬁ;%ﬁ‘)ﬁy%doﬁniphéﬁk&t&e%gif{?ﬂf ahit uvrgr{ican%E&%t?&r}tsalarear}ngﬂpéc}, vertical

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 half unit vertical
focations are required, interpolating such values directly u_sing a weighted
sum of values for sub-pixels residing at half unit horizontal and unit vertical
focations calculated according to step (a); and

25 ¢} when values for sub-pixels at quarter unit horizontal and quarter unit
vertical locations are required, interpolating such values by taking the
average of at least one pair of a first pair of values of a sub-pixe! located at
a half unit horizontal and unit vertical focation, and a sub-pixe!l located at g
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 location, and a sub-pixel

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



b) when a value for a sub-pixel at a sub-pixel horizontal and sub-pixel 15
vertical location is required, interpolating such a value directly using a
choice of a first weighted sum of values for sub-pixels |ocated at a
vertical l|ocation corresponding to that, of the sub-pixel being cal cul ated
and a second wei ghted sum of val ues f orf8sub- pi xel s | ocated at a horizont al

| ocation co resBond{ ng %lo t hat Ff t he sub- pi xel being cal cul ated. 20 The
sub- pi xel s VSEYYMY e third asngel ghinsinventinny these deproyised @ methal off at

1/2" unit i i8h i hhaperit, i l.ocat i fhe first weighted sum
may be usegﬁgéorﬁi@%pgbp;@%%wgz)g’é uié @g?hﬁ s@'{‘#ﬁ‘?;@%@?’”@ @xellrﬁnqr{a zont al

and 112" urintrowsraricbadluimoisaricoreprdéenta yniai@bs noRe d Snddifed ApAAIceT ohted
sum may be sub-pixels residing at unit horizontal and 112" unit verti cal

| ocati ons dABIEHhEE Pb@H indhgHows regidingat hmitubedzardal lncatipnd aingl theval ue
for a sub- N-1 unit vertical |ocation.

i . it hori [ L1/ \ \
Wien va uegj ‘%(%% @Ltgé é‘%‘i’)‘ﬂ%@‘lsgﬁesﬁlﬁi%gﬁ@" ?{g i‘%“t’) Reatiogad s iiRrngkatedvier t i cal
| ocatl ons aomer&GHdesh drub-PRYISER (14 RBPhaLFBY ad Ak pEafGL 20° Of

i
at |east one pair of a first pair of values of a su i Xe ‘at a
1/ 2N- 1 uni the Zgationalk batizdntahandnvertivalr locatibnd eeitig oefined orosdiAg Rox el
| ocat ed at 1Zgun't hor.i zontal, and 112Nl unit vertical |ocation and a second
pair of valllfesW8PreaX 3¢ FePOPHYa {808t havingi @ maximusmvalueald thariroethodt i cal
| ocat i on, @391@55@9- pi xel located at a 1/2" unit horizontal and 1/2" unit
vertical location™5 1In the foregoing, N nmay be equal an integer selected
from al®i s&) celnen sialugs dor tsnb-piedisest 2/2"3 ualtdhdrizartll- Bhyehsit dferfhigr t er
unit horizpntal |oca ioH are to be interpreted as being 10 sub-pixels
havi ng as (H&PN$.e21d HRH QIR @ndei hbainit wegticrklocationmare requicht al
| ocation a ' i z ' a -pi xel .at half unit
hori zont al mﬁ%l?gﬁt‘gﬁ %%dﬂmg‘f"}‘eg??%ﬁg‘?g‘%@ ‘é’%@?‘ggﬂz&? ?ﬁé&?gl @ﬂq’ﬂ%ﬁ& near est
nei ghbour unit horippdal and unitlviertioal todatiohgont al | ocation and as their
right-hand hpour a pixe|] at unit horizgntal |ocation. 15

el
Corres pondPﬂSﬁ‘r’%s ?ug@efb'gx fsa 'B’?ﬁel &t qsub-Rixek hedrontak andosubmpixel o be
i nt er pret egbriigalb RicatioR U ey, hﬂi@rﬁ&laﬂﬁg}%@t}ﬂ & RBffe %ﬁ@{:ﬁ}ﬁteq%g%hbo“r a

pi xel at unit vertical |ocation and as t ower neares r a
sub- pi xel @hoigglof aufiist weighted slunt of aalues fas subkpixels iscdieiated vehtipwi ng as

e PP bolfis SHrdiBoRNY fo AndH B PIRE suBpidl beihg Calbtlated and &2 O
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 1/2™" unit horizontal
and 1/2" unit vertical location.

25
The sub-pixels used in the second weighted sum may be sub-pixels residing
at unit horizontal and 1/2™" unit verticat 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 1/2™ unit horizontal and 1/2M 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



20 nearest nei ghbour a pixel at unit vertical |ocation. The term dynam c
range, refers 'to the range of val ues which the sub-pi xel values and the
wei ghted suns can take. 25 Preferably changi ng the dynam c range, whether
by extending it or reducing it, neans cpanging t he nunber of bits which are
used to represent the dynanic range. | A”an enbodi ment of the invention, the

nmet hod is JIeF (gn e.that is 30 sub-divided into a nunber of inage
bl ocks. FQB 4} 29l HitygHigl Jeratighprnded sWupixebrioeated eheh unir ner

pei ng. def XN d unit vertical
ocat i on. '3’3@‘?2’?‘%&‘3‘"’??@ ot RofF Ea Berttl aRg'd SBRORoBR o Gk &l e bi ock

becones avmuXeitkb@tédratwbnplhceizommllwld 8Ait viertic M&aﬂio'no@mdpé ts%[)gj?;ﬁ aively,
ntion is

sub- pi xel val i nte {atjon accordi n t,@, t he nmet hod of the
per f or med X?f?g %Iaf 8 {r{ggeuﬁltg]@ﬁéo%‘ﬁ' aﬂd f\%geUWhV%mbébl@net!wal | abl e for
sub-pi xg¢l value interpolation. 5Preferably the nmethod is used in video

encodi ng. Preferably the nethod is used in video decoding. |In one

embodi ment irfhet foeegoingiinoay bwrwﬂzaﬂéﬁ%tb@eﬁﬁ'@!@@ﬂem{oﬁm@véﬁ%ﬁggg;hé ofar ried

out as before-hand interpolation, in which values tor all s els at 10
hal f unit fMscvRlvend, dnand 4t ues for all sub-pixels at quarter unit |ocations
are cal cul ated and stored before being subsequently used in the

determ nation of a prediction frame during notion predictive coding. In

al t er nat i vBubiphass mt rjuartet @it TRIr0Atd! So&RIoN 5613 Hbe ‘?ﬁte?pr%?éﬁ)?g%t LW of

bef or e- hand and on-demand interpolation. In this case, ‘a cer i|a§]roport|on

or catdhor§ubrBixgls shﬁyl'lﬂ as their del-hand sleandstt edighbdust@rsidebet art bei ng
pi xel
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half unit horizontal Iocatton as well as sub-pixels having as their left-hand
nearest neighbour a sub-pixel at half unit horizontal location and as their
right-hand nearest neighbour a pixel at unit horizontai location.

15 Correspondingly, sub-pixels at guarter 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 upper
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 16 the range of values which the sub-pixei
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 biocks, 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



Preferably, when the nmethod is used in decoding, sub-pixels are only 20

I nterpol ated when their need is indicated by a notion vector. According to
a fourth aspect of the invention, there is provided a video coder for
codi ng an i mage conprising pixels arragged in rows and colums and
represented by val ues having a specifi dynam c range, the pixels in 25

the rows residi : ' hZ O, . ons _and the pixels in the

col umms reglﬁgél} Rg&gt%'u%ﬁﬂe}@%ﬂeihéaﬁlféggf ﬁ’gf‘féa "ﬁﬁ@cg"i’tbcéfb 35058 ng dRptesi ng an
i nt er pol at anetterbokthd inveeienals petfdrirsl bade Sﬂﬁbhlﬁ)é%@b‘?o@(ts 6{ aRtihaRR!

hori zontal ,and vertical |ocations, the fractional "horizontal an ertical

| ocati ons HEEPROMe avaitable fer sub-piselvalue intbenodation.s a positive integer

havi ng a maxi num 30val ue N, the interpol ator being adapted to: a)
i nterpol ate values for sub-pixels at 1/2" unit horizontal and unit verti cal

| ocati ofis, FreferablytthBanbmed il usarbinl Vide ' | ' i | y:.usi ng
31 weighted suns n_gf pi xel s residi ng ‘Qtaeﬁ%irng:bﬁ@:gf ﬁ%?zﬁhggﬁtggu&n?ﬁ{o\%‘?t I cal

| ocat i ons; Uspdiipvidlesaliencingl ues 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 5 sub-pixels residing at 1/2" unit horizontal and unit

vertical | agahioanfibedithent 808 thueptioh! Gflcs lu@eafinvcfr{qb(;ﬁgnaq,%e%é)qﬁgﬁg' S

residing at unit horizontal and 112" unit vertica ions, irst and
second wei GAtEY eutras beforerhass interpajation, duvdtichl valwesrfdi af sub-pixelp ata) ; and

Sha 100 5 bl Gyt 188t 8l Vahikd; Br 4 subpikels 5t Sardprignt lordtioneat the
val ue of achlicufted BAdRIGRA BEfoRS b8IngSadBsRLEENT) Bed/ ié tHé'i&et%bégéﬁ al and

1/2" unit vertical |ocation and the“value ‘of a second sub-pi pi xel
| ocat ed at©h a/predighion Hanme odring amation 2predictivey eodirg! In oglédrnative

vari abl es : d | ] er values in the,ran 1 to N such that
the first gar‘?é’%g’e"@%@gf %hﬁibgﬁgéé %&%‘LP&’EP%‘ g combipation, ofjibedrreahand wi t h
respect tcandi@nsddmand tefioldfich. Innhis case, a certain proportion 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-pixel 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
veriical iocations, the fractional horizontal and vertical iocations 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



hori zontal and 112" vertical |ocation. The vi deo coder may conprise a
vi deo encoder. It may conprise a video decoder. There may be a codec
conprising both the video encoder and the 20 video decoder. According to a
fifth aspect of the invention, there ig provided a comunications term nal
conprising a video coder for coding an | nmage conprising pi xel s arranged in

rows and cg) a epke i€ 5 haV| s ecified dynam c
range, the pi g ?ﬁn{shg{fr %E’ rce}glg :gsé;t uuﬁ POH{)(?'? Ygt e and t he
pi xels in ﬂtftﬂauouhyrms residing at unit vertical | ocatl ons, the video coder

conprising an int er&ol ator adapted to generate val ues for sub-pixels at
fracti onal Phonteseplate valkgs e tsubawmi@o@ttmﬁé unitheorizcatali andl 1/BbT ugient al  and

bosi tive 1 SeasaPBRabii tinsal) Mt AR R a%*ﬁ%%é@e%&%gf%@éséogdapt ed
to: 33 ajubPHRIPAAIAGVA! HES AN h%HEoHt‘ XSha it dhoal ekt LAgny - and

unit vertical |ocations] and unit hori zon

| ocat i ons skcaut weightschaumentglaliess iwmbqi:x@ﬁ@éaalrfg&&ﬂ lﬂimﬁoﬁiorﬂﬂi‘ and
hori zont al @pd Blt vertl cal locations;, 5b) interpolate values for

sub- pi xel st veiligal legrtionsnihe fisstiand secomd waightedcstims of ataluess
directly au?élngf%l%w%g?{)rzognré k{&teﬁ\gg?]%haed sum of val ues for sub-pixels

residi ng vertical l|ocations and a second

wei ght ed sejrintdrpulateiesvdios fork-dutxphe! sREARNE A1/#Mubit TRI-AAN Anpnd 1/ 2"
uni t v rtical locations, the first and second wei ght suns of values 10

bei ng 10al cU?aP@H vegics} lcaion Hydakipg@yveighted ayerageeofibeataluaofalfiist for a
b- | t t,al 1/ 2" it t |

Cooati on BPHEREESr Dol shudied Wl & 0 AR HRizBBfa At 1% lunlivartisalpi xel o

pi xel sit Uatatibreand thd aalu@rwfta becdaalsl u@,ﬂ%ﬂph?el IH@étbdvﬁr:i gg% dpfication

and the value of a secor;lg sub- pi xel or p| xel l'ocated at a unit 15
hor i zont alhosiRantal z2nd,MA™ wait vertical neativonvatiableabines), ip and ¢ takilgq t aki ng

integer v suc t irst and second

sub- pi xel gﬁ% f)}'@&%g?{é @@9%'1&5 igogkl §b’8ﬁa‘f‘?€ﬁ\ﬁ '?rﬁt pRd seepnd subrixelgb- pi xel
at 1/ 05 unior pieels zanet baad dbigdhale wilks AbspcR 36 18- sidlpikBe a?gt ghﬁat' ons
term nal may conprise g video encoder. It may conprise a Vi ecoder

Pr ef er abl ofizenighapd &2 vertical deggtiobdec conpri sing a vi deo encoder and a

vi deo decoder.

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 horizontal and vertical locations, the
fractional horizontal and vertical locations being defined according o 1/2°,

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

being adapted to:



Preferably the communi cations terminal conprising a user interface, a 25
processor and at |east one of a transmitting block and a receiving bl ock,
and a video coder according to at |east one of the third and fourth aspects
of the invention. Preferably the pr ocegsor controls the operation of the
transmtting bl ock and/or the receiving 'block and the video coder.

30Accor di nga)t ipitedpslatd NaRRREG! sOb-dikéls! AvEot lﬁf?i&&%)ﬂ%é@ﬂi %pﬁirqof\ﬁ 9%%825

t el ecommuni cations system conprising a conmu

net wor k,  t Hecatiinsc amiumit ofizorstahahdvaly 2" andl VERicaPIRUNOAR iRy f ey nal 33
bei ng connecteﬂ %@ a comuni cations |ink over which coded video carr be
transni t t edVeIPRe T Svmmi darixels nesidingiaat amitphiosizagtah andeonit og@ticlor

codi ng for I&?ﬂ!&fﬁ%' an image conprising pixels arranged in rows and col ums
and represented DYy val ues having a specified dynam c range, the pixels in 5

the ro r esiigi i isﬁ%' I JNON S : X8l $/5kh e
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i nt er pol at &erlmgbmﬂona diyedidyr asiagethmise ol rsbwightdd sain dMatiddna!
hori zontal anpd.vertical Ioc? Lwons, the fractional horizontal and vertical
| ocati ons BH ﬁﬁx‘ﬁﬁf’?ﬁaﬁ‘ga CHAdI HEttherizeptal apdeuait yerticah lgasdions end at eger
havi ng a 'Mn,,;éqg i 0 r i dapted to. ., a
i nt erpol a{rgé{:/al ues Hg?&i sgg - pfi ‘?(ée]ﬁ%é gﬁﬁ%ﬁﬁéﬁl rPQﬁ%W?gH?iﬁmQﬁ‘am@hW&verti cal
| ocat i ons, 1£21d unili vertioali woatiats, ahd fiksLandNeconarwighted 8GRl igegectly

of pixels residi Gnegr at unit horrzontal and unit vertical

( Dot ed .
:lecg'?i Isg Q%Q@a?&ﬁ@@dﬁqcﬁ@ﬂgém gtep ar@ib- pi xel s at 1/2" unit hori zontal
d 1/0-' i j i I tl i hoi, f first
nolht o sOhinteibBidt S VatB Bl LRI Gk Siatd BP'S, fof Ao ariat 3kt a1 and
uni t verti t/@" unitostriien Socaidnbysekitita Wali G%V@f‘@%‘;é’ﬁfﬁ@ U@!ﬁefd?:ahﬁ’ér' pi xel s
a e

residing at unit horizontal and 1/2" unit vertic | ocat I ons, irst and
second wei $H-Bixel orPiest situpteskabe 1@ indtaheritontaldart d62'Ti umijt vortisaep (a) ;

d i - pixel si d 1/ 2" i
Por 1 2bnt ai'05aib] A U Bl 60% sBeSH il Givetyy Bifagdlodial g e Ukr age o
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and lit' ynit vertical |ocation and the value of a second sub- or
pi xel | ocdftegeavalies ipthafanged teolNi susht thiat Hraifisst 2ndusdcondesubi-pickld ocat i on,

i abl . i j I inth 1 N h t hat
Vhe ir ot SpReisParlibalisdidtbrall SR ¥8ai fie.fdrri ekl ikt
respect t ddrizentillangi HeT vatical IBcativrt, hori zontal and 1/2" vertical |ocation.

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



30Preferably the tel econmuni cations systemis a nobile tel ecomrunications
system conprising a nobile communications termnal and a wi rel ess network,
t he connection between the nobile communications termnal and 34 the
wirel ess network being forned by a radﬁi | ink. Preferably the network
enabl es the conmuni cations term nal to’tonmmunicate with other

net wor k _over conmuni cations |inks

communi cat i,Qp L nal,s. connected to th

bet ween t he@&?%gghg%ﬂ%ﬁﬁ?ycgtqomu@'gﬁﬁ?% ik gMar whichheedes Kide® paebedi ng t o
a sevent h agpeaiitted, the d ' ' i t.el ecomrunj cat i ons
system conpri si rilg a comdgv@gtlicgﬂ%nét gg%ﬁﬂgfs Cg)rnng;wésqr?r@t%&'g?otﬁ% }or

t el ecormunicedinigdies cadingaark inaagb creprisingpiiale birengeten ToRalankeidigmpennect ed
by a conmuni cations |ink ovair w&i ch coded video can be 10 transmtted, the
networ k cofPFifEPHPeRted Byyvalrichaying o sprsitied eynaods nange) themgeels onpr i si ng

P poci fisd TRshs Relighd AnPROIRaCHEGR B hEdin g abe malem Aoy i sont al
| ocati ons eswiding et pinkealastical lédions) ﬂi@‘ﬁdé@%ﬁbf‘ﬂf}ﬁ{péirgmgtd%ﬁé fﬁeﬁéhfogét%

| ocations, the video coder conprising an interpo
gener at e vaflaRieds & ganerplexvelitest farr subipirels abordiactionhal hangdorel t il

| ocati ons, fr lonal,horizontal and vertical |ocations being defined
accor di ng ¥%’J{‘§TZ>*<%§?E e Qaé'oﬂ i iorzontal: ager vadicahdoeatinng rh@gmg/al ue N,
t he i nt er p@éfaicdl abedramhgafR A ¥ i .val ues_ for

sub- pi xel s at 1/ EZ!" urni t hoﬁ%%@%ﬁe )érilsdaﬁ\‘%ﬁ”‘%ﬁ@@%ﬁ%‘ﬁxg&gfmgm and unit

hor i zd@ al valie NiAbe indaipolater beipgladapeed toons directly using wei ghted suns of
pi xel s resj,di at unit horizontal .and ynit vertical |ocations; b)

i nt er pol at '02#’88@‘? 8?*"'5%{0&5}(’&%%{? aiﬂZZ Uit hpdzentahead unitvartigal uni t
vertical liggatidranandi U9t | i a first weighted sum of

val ues for 25 sub- Si xel sh?ﬁ%ﬁ@@%ﬂ@?éﬁﬁugéq'éﬂlofppgﬁ%ﬁpgﬁﬁ Ya"E verti cal
| ocat i ons weighteds stiorsd afeipijieise desidingfatv anite iofigdniaibamd Xghie v&8E4i N9 at
unit horizontal and Ilit unit vertical |ocations, the first and second

wei ght ed M’O&S’ val ues being cal cul ated according to step (a); and c)
It T Sl At oM Uluck o uBlpiRbis bt e niideiat SRt B9 LZgMt Al and
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 tocated 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
horizonta! 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 termina and



30 1/2N unit vertical location by taking a wei ghted average of the val ue of
a first sub-pixel or pixel situated at a 1/24-munit horizontal and |it"
unit vertical location and the value of a second sub-pixel or pixel |ocated
at a 112" unit 35 horizontal and 1/2" unit vertical location, variables
m n, p and q taking integer values in3fhe range 1 to N such that the first
and second sub- pi xel s or pixels are |ocated diagonally with respect to the
sub- pi xel éhel"ﬂ'@'eﬁ%ﬁef\ﬁém beirgaprand fy 2 ragéo fink.aPrdfecatly dne niatwédcor di ng

to an eight o f ntlon there is provided a video coder for
codi ng an |ér}r‘aagjz&go?rrf)€l SBWE”%"?%% Fea(ﬂ%% i1 r SHBMUIRICalE| Uity ater

r epr esent e¢opymupicafsnd ainiigaR éd?ﬁf‘e' tdf BoEr ls.n the
rows residing at unit hori ZO?]'[ al | ogat | ?}gﬂ%g{?t@ﬂfe@pl el 6#& ’%53'0@& ums 10
resi di ng atinkhbetween theadtheo camnumicatidrs teaaitale and tis | h@@v@m. i nt er pol at or

adapted_to generate val ues for sub-pixels at fractional horizontal and
verticaf | ocations, the resolution of the sub-pixels being determ ned by a

Varues.  or uhrnd 1oL B seppBUP Bspbel, EVR VORI e s Ahedfed & ©'©

val ues for

15| ocat i onmlemrdnmmmatimslmnéml camnpriding” a WHmmYRchEiSAS téﬁ‘ﬁiﬁgl ong girectly
usi ng wei ght ed sum; of pixels residing at unit horizontal unit verti cal
| ocat i ons; nefyorknthe iedecanamynicatioes nefwerksanmd the ebmenurdcationspiexeinal

hort zont ol papd T by b nicAl 1 6?%?38%%24‘&@24 wSbochnche ap 2
verti ca Iﬂéﬁ@mﬂtbdcqméﬁ@mﬂlétﬁnﬁﬁs:hgaév@%otélﬁje?‘f& PO f@?bpgmgaécu' at ed

and a second wei ghted sum of values Yor sub-pixels KSti zont al
| ocati on ciBI3GEs pOMBNIAGStRixelharangedhia ouls- aid ebluwisnand aépresahrd by25 The

the. val ues EE ig¥id ArbefliefPRRie ranes. i mxsioin Jonramsdraicing &t ver t cal
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vertical locations, the video coder comprising an interpolator adapted to

15 generate values for sub-pixels at fractional horizontat 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
woighted sums of pixels residing at unit horizontal ahd unit -vertical
locations;
b) interpolate values for sub-pixels at /2" unit horizontal and 1/2' unit
vertical focations 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
¢) 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 pixe!l 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



30 The interpolator may be further adapted to formthe second wei ghted sum
using the val ues of sub-pixels residing at unit horizontal and 112" unit
vertical locations and to use the second weighted sumto interpolate a

val ue for a sub-pixel at 112" unit horggontal and 1/2" unit vertical

| ocation. 36 The interpolator nmay be further adapted to interpol ate val ues

for sub pi keizontal W urdiovbaeal WleaRBd, YRR h, Ver] Lgl g hagayi ons by
f p: val 1e¥d"9f a

taki ng the average of at |east one pair of a first palt'o

sub- pi xel liYegaeedalies & theramgeinito Meurh dhatatheditst and tevend isoBlpitedsat i on,
and a sub-pixel located at. g unit horjzontal and 1/2" unit vertical

| ocati on aﬁé)bixeéécﬁgr%dgﬁgﬁ%rd @PW&?%@N* resnsckde the cbepixak ah 1(j enit

hori zont al hangomtal nd §r4" vedicai9 tiogn, and a sub-pixel located at a 1/2"
unit horizontal and i/2" vertical lTocation. 10 According to a ninth aspect

of the 3nvention there is provided a comunications terminal conprising a
vi deo coder, for"coding an . i mage conprising pixels arranged in rows and

col unms an8CFYRING &n Ryt Aspest rhvhe dnventivecthereds dyodded a aidgey t he

i xel's i i di - upitshori zont al | ocat i d the pixels i
Phe- col umeoer BBl & Biadd el dbk R A Ringe Ay B cail Folubingy | 5: g an
i nt er pol at and aelaeisentsdoby vakIeat itawag ae@écqiecﬁé%é}h?é%ﬁﬁa tﬁc{)s&bis al

hori zont al , and verti,ci;al | ocations, the resolution of tHhe sub-pixels being
det er mi nedMGyONSHEESIHING @t juRitda@rizontaliipeationscapbithe pixeleimtieadelpted to:  a)

i nter at =Dy " it horizontal .and unit vertical
20 | o?gi o'%ssmg?lu%ﬂi or?@oﬁ?gﬁoggd%‘%zf&%ﬁi(fO'UBW'{'Qa‘T‘n I 'BE‘%{P?'GF% directly
usi ng wei gﬂdaﬁed utts gehemtselalueesioti Sgb-pixeiidt RAEHSI Abri a!UBbH verti cal
| ocations; b) .interpol ahe a value for a sub-pixel at a sub-pixe

hori zont alV | dgsatisinge the gespldipn) ofcths shbipixets dwing dettrméined ybyuai ng a

choi ce of i i ; far. _sub-pixels |located at a
verti cal I@gglﬁiht%%gﬁgﬁg%&%g&%%@ gﬁa?tﬁg tQub- pi xel being cal cul ated
and a seca)dnteepoiateevalsamfor sutapixeds hor/2ibamt h@ﬁﬁodt@paﬁ@@nﬁtveﬁémri zont al
| ocat xSub- pi xel being cal cul ated. 30

Lon corresponding.to that of th i > [
Accor hjg ng ?‘P%a“g nge Apdl L&%‘p’é@f"*%ﬁaitw i"r%v erfnibyertigak lecations diveellydusing
t el ecomuRyighti@nsufigs MM b Si c hEat r, : nd a
net wor k, tr?e@}el'ecgmmni ggti ngsrbﬁig%ﬁt gwphgéérg%aﬁa |{3§J§m{a¢@?m nal
bei ng contGatieBsby a conmuni cations |ink over which coded video can be 37

coni muni il L fed o car
codi ng. and] IntbARUERH ValTor B BlB) Bha i bme Chartkonal cnc mispial
r epr esent gdrtios! NRBUGH i AHUIBRIIRRAY siRfa 6 4 AIYeidMBaREPLP 11 the

rows residing at unit horizontal |0cati"ons and the pixelS Tn tThe colums 5
resi ddthg ¥elughifor subpixels loaated iad s vertival toodtion conpspeidiggao that ef pol at or

adapted t Jf up-pi xel s at fractional horizontal and
verti cal ﬁggg@&ﬂ’é& qﬁ@ﬁ%&%ﬁ%@oﬁ”@@ Fﬁ‘éoré‘ijbﬁedga]l@f’ss%icﬂgvﬂﬁ?%rf% ned by a
positive sub-ph@ls Mcatdtbat attarizehtdl dscAidNorAskpRingthgt & that of the sub-

pixel being calculated.

25 Theinterpolator 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 weightad sum to interpolate a value for a sub-
pixel at 1/2N" unit horizontal and 172" unit vertic

30 The interpolator may be further adapted to form the second weighted sum
using the values of sub-pixels residing at unit horizontal and 172V unit
vertical locations and to use the second weighted sum 1o interpolate a value

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



a) interpolate values for sub-pixels at 112" unit horizontal and unit
vertical 10 locations, and unit horizontal and 1/2" unit vertical |ocations
directly using weighted sunms of pixels residing at unit horizontal and unit
vertical locations; b) interpolate a value for a sub-pixel at a sub-pixel
hori zontal and sub-pixel vertical |locaséon is required directly using a
choice of a first weighted sumof 15 values for sub-pixels |ocated at a

vertical |ocation correspondi ng to that of the sub-pixel being calcul ated
and a seco xels located at a horizontal

i | f b-
| ocati on cgg\e\égt)% '%gqs%gvﬁ}%fa%g%ﬁ’éggaﬁ%pm polsade Hglt@él f@ﬂlsabglierQO
According L 1t Ghﬁﬁ%ﬂ%gntﬁfsaﬁﬁtﬂéﬁ um%ehfb\é?mda?g HBB i rov\} ded a
t el econmuni catons s FiSi NG accormmiear @lg EVELALE a

net work, tbéat ﬁéastonmﬂmlcaft adnst et v}DVéﬁuaﬂde fa“@tﬂﬁ&@ﬂl@c@?éd apg fyg"-m nal
bei ng connect ed by conmmunj cations |ink over which coded video can be

transmt eé!”"th%‘zﬁéfa\}wﬁﬂ@ gBiiperigal doeatipnd @ dca daib-pise! losdtethaf arumibdi ng an
25 d | d ted b
uos havianearmalnd 12 .° Al VERRES ehuoR a3 SeiBot T AEVabeB o i ng at

val ues having a speC|f|ed

unit hori Zpixbalodacm:aht ansmandntmapamlml VertiB&! AR Sad 3l @Utﬂgix@F uni t
vertical |ocations, nﬁ coder conprisin ngn i nterpol at'or adapte
generat e viocates alg 14 lﬁ?f&’é@@fﬁt‘aﬁ&%i Onatnitiverriicad bacatioand verti cal

| ocations, the 30resolution of the sub-pixels being determ ned by a
positive int eger N, the interpol ator being adapted to: a) interpolate

val ueg (f or A6edrdPigeabs aatnibf?" asptict BPT iheonhddntiid tHBid &€ éfri)&abd' gcati ons,

and unit horizontal and 112" unit vertical |ocations dire y using 38
wei ght ed mmnlq@tlﬁasstemmauuoﬁ@nmsmua video zodemforanadingi anvietagecal

and sub- pi GIPUEhE PG halobBil Fahf éa@ PUE: FBEcByrRenies By Yabese of a
first wei didvaty SUBPEEIfidd \Fhuasic erﬁ 08 suBP&%lsSlH A T&Ws %Fi?m@ Iﬁ'ﬂgn d a

| ocati on correspondln to'that of pi xel being ca
second weilyizeata Jacaffonsagnd she q:nx@a tn ghe eladurnos aesidiray ab unétr verticdlal

ocatiygn GELLMRHROME B8abPcbRBlisRy Al SHHRIALY StabBD Saicatd vares
for sub-pixels at fractional horizontal and vertical locations, the resolution of
the sub-pixels being determined by a positive integer N, the interpolator
being adapted to:
a) interpolate values for sub-pixels at 1/2%" 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-pixet 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



10 Brief Description of the Figures An enbodi nent of the invention wll now
pe descri bed by way of exanple only with reference to the acconpanyi ng
drawi ngs in which: Figure 1 shows a video encoder according to the prior
art; 15 Figure 2 shows a video decoder ;ilccordi ng to the prior art;

shows the types of franmes used in vi deé

show st eps
estimation
conpri sing

the invention nmay be i

encodi ng; Figures 4a, 4b, a
in bl -t ching; Fi 5 illustrates th

e TBe “erdBionicedinnS iegiie corbiang. @ evidpaabod
tog LR IRS R, SRR Il Aol LElefl <

Figure 3
nd 4c

process of notion

e
t hod of
cordi ng

an enbodi neeprasientért bpredusd havingrd specifiedfidynami® rafguystha pikdieandrgoder
according to an enhodi ment_of the present invention; 25 Figures 9 and 10

have not bdE8WSu

shows ac«Sc
to an efbo
not ation f
Figure 12b

186 BlaHgit hesigonta) Upeationsoand the pixelsedmrtie golEngsre 11

TERBH o O TR, L SO BT et

I nen

QUdapes fobhterpla Aalddy! BHIRLRbIs! BEAAG NP hABBAld! fnd 0 TMS:

shows interpol ation of a half resol ution sub-pixe

shows i nt evedical ileeationsa therésolelion wfitbe suibppielsebeing @8termined by a

10

15

20

25

30

positive integer 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
weighted sums of pixels residing at unit horizontal and unit vertical
locations;

b} interpolate a value for a sub-pixel at a sub-pixe! horizontat and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
values for sub-pixels located at a vertical location corfesponding 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.

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 communications 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
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 horizontal and vertical locations, the
resolution of the sub-pixels being determined by a positive integer N, the
interpotator being adapted to:

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

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

gure 12c



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

sub- pi xel s; Figure 13c shows interpolation of a half resol ution sub-pixels;
5Figure 14 shows a notation for describing pixel and sub-pixel |ocations
specific to the invention; Figure 14b ¥hows interpol ation of a hal f

resol ution sub- |xels accordlng to the invention; Figure 14c shows
i nt er pol at MEIEd, SHEISE of BBl i TERIdiNE -a8i waits haazental mnd cunidtvesticatvent i on:
Figure 15 ossi bl e choices of diagonal interpolation for sub-pixels;

Figure 16 shows the half resolution sub-pixel values required to calcul ate

ot her hal f b dstetpdlatera valepioxel sapixebat a suBL;gsaéﬂqd{?mﬁm 508 tph?é;f
resol ution su%aﬁl xel val ues that nust be 15cal cul ated in order

i nt er pol at ¥elligalosation igeauired diasty wsingna shbicsi ofet §rst nvelghnen!‘eegﬂn Iolf oc k

t f_,TM.5; F 17b sho i
lrjzlsglgutgl]gnbg{ﬁ% pl ng’bﬂ’fﬁi&oﬁiﬁﬁ ghasyerieal @ ﬁ?'&tcggergﬁ\gﬁﬁ’ﬂ’grtot @‘af Rferpol ate
val ues f or t{BI8Ubgixdlcisathg dafiuistel- @r'ld(%l SetdhdPWdigMes Shmcs V§ E
i nterpol ati on nethod according to the invention;” 20 Figures 1 ows the

nunber s of subipixeledsated @hashﬂilzpmeéIi@catiloatcmt&apohdtr@ta:matoédhe subsder to

obt ai n val ye resol ution sub-pixels within an i nmage bl ock using
t he sub- pi R ‘@gﬂgg&ﬁ?‘?‘r@aﬁ?ﬂm ation nmethod according to TML5; Figure 18b

shows the nunbers of half resolution sub-pixels that nust be 25 calcul ated
in order to obtain values for quarter resolution sub-pixels within an inmge
bl ock ki ngriehBeseiiptiopnadithe &iiguresnt er pol ati on net hod according to the
i nventi on;
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 4c¢ show steps in block-matching;
Figure 5 iliustrates 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;
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 TMLS;
Figure 12b shows interpolation of a half resolution sub-pixels;

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



Figure 19 shows a nunbering schenme for each of the 15 positions; 30 Figure
20 shows nonencl ature used to describe pixels, half resolution sub-pixels,
gquarter resolution sub-pixels and eighth resol ution sub-pixels Figure 2la
shows the diagonal direction to be useghin the interpolation of each eighth
resol uti on sub-pixel in an enbodi nent of the invention; 40 Figure 21b

shows the igaenaba Gkt hoothfoR So BRdoiifing S dinasd &ija@fxgm&éagﬁﬂgh eighth

resol uti on sub-pi xel in another enbodi nmen e I nvent

Figure 22 sheaéclombiidiat ure used to describe eighth resolution sub-pixels
ures 1 to 5, 12a, 12b, 12c,

5 hi
13\5,1\1 t 1|38 : Fﬂijr?g‘?%@&sﬂ@g‘?{p@ |°E@J1qqfnreﬁﬁlé’l’i’@ Rigelshg. Figure 6
presents aﬁgﬁfr@ﬁ%'s%%'lﬁ%rﬁ&g%h of Q%an'r%%IuﬁBﬁ%ﬁEr}:?ﬁegd decodi ng equi prent

whi ch may bé adapted to operate in accordance W t pbresent invention.
More prici Sgue 1heshowguaenotationt foatdescabmg pixebdiral SBbtpsixen RektiéAs
I npl enmented acgording to | TUT recom"rendatlon H 324. The term nal can be

regarded aSP&CHulQ V}?e'ﬂ}’%mf%nscel ver devi ce. i ncl udes el ements t hat
t d t
R ommuni cadthe TRRCebl Ifofidlin bﬁgﬁ@%@%@"@hﬁ@&%@#@“f TR plex.

a communi ca
decode andthai iapealor;ecei ved mul tinmedia content. ITU 20 T recommendati on

H. 324 deflges t e overal | ?f?’ @tlon of the termnal and refers to other
r ecomendaf i99FR ARy Biterpe ratalresplutios sub-pgls aeerrdingutnt parts.

Thi's Kignd gf IH%ﬁﬁd]Fdl a termnal can be used in real-time applications such
as conversational vi'deotel ephony, or non real-tine applications such as the
retrieval /Bigusahbshowt pasdible choipss of diagexahiptezpblation 26esibtbideiedi a cont ent

Egr \éer 'n Ft;'azggﬁsl e?rhnqe\#%the hanereggi%gr)l( tsu%tpuiglevﬁlrjgss ergturlrgc\i/ etcr)] | (I)n i o Should
ppr eci B3 q calculate
other half resolution sub-pixel values;
Figure 17a shows the half resolution sub-pixe! 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 TMLS5;
Figure 17b shows the half resolution sub-pixel values 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 vaiues for quarter resolution sub-pixels within
an image block using the sub-pixel value interpolation method according to
TML5;
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-pixe!
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;



H 324 term nal shown in Figure 6 is only one of a nunber of alternative
multimedia termnal inplenmentations suited to application of the inventive
30 nmethod. It should al so be noted that a number of alternatives exi st
relating to the location and inplenentation of the term nal equipnent. As

Illustrated in Figure 6, the nmultinedi'@termnal may be | ocated in
0 g fixed line tel ephone network such

comuni cations_egui ppent conpected f{. ) |

as an anal goég}ge %J[lb ﬁggNS(tE‘ﬁﬁ?Qm@%(i’@?@B”ﬁ@I o wseE iRethgointgrpolationifs case
the mul ti | 8RR i | S\ 4 oppliant with ITUT
recorrrnendfatrt‘?2 ?gﬁsél%hg', F%"é%%éﬁgb%??%gr%m «‘%r&t@ﬁg%ﬂg&oiheéﬁ rPgP theeinyentiqns

mul ti medi aandrm nal may be connected to an external nodem The nodem 5

enabl es copyersign of the nultiplexed digital data and control signals
produced b%‘&”ﬁ% hawrsaeraepelatiira slsedie slessribe sighfhaesolutivs subalixals f or
transmgsi Rﬂhﬂ’%ﬁ %QgeoPSTN. It further enables the nmultinedia termnal to
recei ve data and control signals in analogue formfromthe PSTN and to
convert theminto a digital data streamthat can be denulitplexed and 10
processed in an ?Bpropr_i ate manner by the terminal. An H 324 multinedia

termnal niE@tatledDeeriplipnenent ed in such a way that it can be connected
directly to a digital fixed Iine network, such as an | SDN (Integrated
Services Digital Network). In this case the nodem 71 is replaced 15 with an

| SON user -PiguRay k to 61 24,262, 100, 8813, Gand 16 hhAONcRIePhuR Tk pfet o7 f ace

Is represented by alternative block 72. H 324 nmultinmedia termnal's may al so
be addft edoresioide i n nobil e communication applications. If used with a

wi rel ess communication link, the 20 nodem 71 can be replaced with any
appropriate wireless interface, as represented by altemative block 73 in

Figure 6. FigureeX@nmiesentsn aH1&@dnM radvidaTesbraphising %ieoc%?\doﬂmdégada radio
n

transcei vef enabling connection to the cufrrent 2hd generatio nobi | e
t el ephone J?@P@H&?Q@ip% wiighswube' adapied deiaperateTid attvrdansawitkbbi | e

Tel ephone yQy$4@8bnt Fvention. More precisely, the figure iliustrates 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 multimedia content. ITU-
20 T recommendation H.324 defines the overall operation of the terminal and
refers to other recommendations that govern the operation of-its various
constituent parts. This kind of multimedia terminal can be used in real-time
applications such as conversational videotelephony, or non reaktime
applications such as the retrieval/streaming of video clips, for example from
25 amuiltimedia 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
muitimedia terminal implementations suited to apﬁlication 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



It should be noted that in nultimedia term nals designed for two-way
comuni cation, that is for transm ssion and reception of video data, it is
advant ageous to provide both a video encoder and vi deo decoder inplenented
according to the present invention. Su an encoder and 30 decoder pair is
often inplenented as a single conbined functional unit, referred to as a

' codec' . €, : i r {n o _the invention perforns
mot i on conp%lTs‘Et :eg V?ﬁg“"%’ﬂ%’ﬁ&?@?’ﬁ‘%ﬁéﬁg@g& '%rgg%lcl?FPo euﬂqqﬁnﬁg@peci fic
i nt er pol at itemmiseheie andippedarwithular m@u@hnaﬂpnc@,ﬁqplp?,f,pr githang apd

on- demand sub- pi xel \(,al ue i nt ergol ation, it is generally necessary for a
video 5 def mandalipgg e Mviind-8ér @nBalontionally i MShise mMiternatively,rethaer

conpat i bl e i 0 t tr itting term nal ich forned the
cogr essedni{/l?ﬁgi@ghﬁ{ez@@géﬁfbﬁal J‘r"‘@?‘f{hz{ge%%@emﬂf@ \Qﬁ%m 8Mnmay have
an adve§ seepfblest convérbi@nquﬁlthteynﬂflumaﬁedl%ﬂigw@ ag@egaﬁﬁgdﬂ%ﬁl Adig.

nu

accuracy of reconstructed video frames. ypi cal H tY nedi a
term nal wPlQCueeH By thesmuitiredianterminahdntodanaahalegtib foefresaitalse tior Fi gur e

6. The nul H?ﬁj: tern incl yd a variety of elenents referred to as
15 ' terni ng eqltijsl%f)érrrgﬁt%m”ﬁﬁ?gﬂwlcllt E‘dﬁierv?'a%afaséﬁﬁi'ﬁu imeqia)terainat televi ces,
denot ed gerszeiveakikia EMdr&wae@f‘gﬁidwm%ﬁk{&e ﬁﬁn{igﬂn@ﬁmer /gl y. The

e

vi deo equi pnrent 61 may include, for exanpl’e, a video canmera for capturing
vi deo i magedvest ket tito fadigital pulatpi slgearac that ecaritie denarlitgioke@nghdpt i onal

vi deo ocC, I J s .0, equi pnent 62 typically includes a 20
nicro&@Lnéﬁﬁﬁgggggg#%FgBE%¥M%§gpﬁﬁﬁﬁébggﬁﬁgﬁnﬁﬁg ages, and a | oudspeaker
for reproducing received audio content. The audi a equi prrent may al so

i ncl ude additjonal audio processing units. The telematic equi pment 63, may
incl ude a Afath32¢muliaediadteyminal anay kisor beimplenméntetddarsdchra wagtthad i mage

i deo. condberBtekdhabiad dirdly o £ HilaF X iRe THWEE Siek aw s igoR = 10
corres ponquggna'tewsedacwargitbothwm.qmms%s@cmerrﬁb&&nbg‘ fsg\%fial&\éa”t i on.

Such ¢p_eng der a decoder will be described in the f ng. The video
codec 35 jwith ga Biser-ngiwork 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 probosed
3" generation UMTS {Universal Mobile Telephone System).
25
it should be noted that in multimedia terminals designed for two-way
communication, that is for transmission and reception of video data, it is
advantageous te 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’.



30 encodi ng captured video data in an appropriate formfor further

transm ssion over a communi cations |ink and decodi ng conpressed vi deo
content received fromthe comruni cati ons network. In the exanple
illustrated in Figure 6, the video COd%’é{ is inplemented according to ITU-T
43 recommendation H 263, with appropri‘ate nodifications to inplenent the

b- pi xel ' | at i t hod ding to the i tion in both th
encoder -and iAmsso g0 YR BRaET 8 daGels 62 ghpriish eriarms notiom) - 5
audi o equi poemensateéduplied bAcedingudd Os&%sﬂ eBRIBA iugggd' %r rel%yg;‘s/ an

reference nunber 66. Like the video codec, e audi o co
encoder / deddg@&Roigten schemeoanda padicdias atanbinatipn wf dbibne-hived taadndmal ' s

di i | f itable. for t | S| th
Communi cat Cord AkBaket I fubfRD EiRrbdbés GaaF e cIaraesamess & kigetr om t ho
net wor ks baglscbdiéPoRafBEENFY tb%hr%lft@fbe[ ERSIBHAid e h airﬂ%gﬁ%ﬁé@gﬁaﬁtglet he

termnal's | oudspeaker. Thé output of code a del ay

bl ock 67. Withsheospuadeatalshé dranshvttingl teyiriah whishi ftheay thicheompeaegodi ng
n of audio and video content. 15 The

process ang. thu(%rtegsiur esd?al.l?‘chr oni sat i ]i O

syst em cont 8P JaSiregm-Jrailure 1o ensutatiis: compatibilly marhayesareadversaet wor k
signal l'i ng hNgna IRt AC I . (s] i bl ock .68) to
establish gﬂ%%tm%}nﬂﬁ)‘ggfdggf (I())getfﬁgt mhﬁe?%ﬁ@tﬁﬂgg{'?rgnésﬁ%‘% ng&a‘(ﬁ A Hecei vi ng
term nal . fReonstrgated vidego idaows. 68 exchanges i nformati on about the 20
encodinlgf and decodi ng capabilities of the transmtting and receiving

term s and can be used to enable the various codi ng nodes of the video

encoder. T, Mal e 1 0 S of t
encrypti on}.n'q?(?lf gr fr{a?%n%lglgﬂgaeretﬁ) ﬁégn?ﬁaela\b(@lprg?@;ﬁ %ﬁcl??%t{bu%oﬁ‘ ﬁgﬂlfé ‘ff'g@@ in data
t ransm ssiwith refepencaet Figura @ncryption bl ock 69 to the nultipl exer/de- 25
mul tiplexer (MJUX/ DMJX unit) 70. During data transm ssion fromthe

mul timedia termnal, the MJX/DMJX unit 70 conbi nes encoded and synchroni sed

vi deo and Bwslinultitricerdremhibil dotiAck/aRyta ty ,pnent 63 and
possibl e control data, to forma chiBeyla VafiEl/ BF elthSRR! fefeffs 18 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 optional
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 video 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 o 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



30 single bit-stream Information concerning the type of data encryption
(if any) to be applied to the bit-stream provided by encryption bl ock 69,
is used to select an encryption node. Correspondi ngly, when a nultipl exed
and possibly encrypted nultinmedia bit-streamis being received, MJMIX unit
44 70 is responsible for decrypting t bit-stream dividing it into its

constituent nultinedia c nents and passing those conponents to the
appropri at é€ %Wt’gﬂd‘?’% With rﬂﬂpf‘é&lﬁtﬁnﬁwﬁf@ﬁ'oﬂ%d@diweﬁ\@@f the

reproducti gpp-pakél @Mlﬁe%iw'ﬁpﬂ&ﬁg&egﬁ&&ﬁf Itﬁ@%’& gﬁﬂabcoéﬁftﬁigng to

mul ti medi a term nal eo encoder vi deo c

t he i nvent eoooderrarhiathemﬁdam@tcédhamdeofdo«@ce or dedicated hardware, or a
conbi nati on of the two. The video encodi ng and decodi ng net hods accordi ng
to the invention are particularly suited for inplenentation in the form of

a conpuerg Oﬁfrﬂpéi '-e.dlitrcinsfr
perfoanj"\;ng Pﬁw unc'gzl E)ér\ga stiégg'gpegﬁ??%r{{}e’ﬁt?@Wﬁeﬂgsﬁ@ éucf Oé%&oder and
decoder acdendiiedgirt Pigure & byerdfe@ncabiiuP®el Y. GTRALRE iGes Yove! theode
stored on a storage medi um and executed in a computer, such as a personal

deskt op cofdiPefodsn, comppisesoap ecder/draedenppiit &r coinvérts iatidio eatndi ng
d/ d h | t dia t 6 bi |
and o "Secodd Singh it st PETHEREEING AT Sy B TP ™15,

under st oodtrémysrhission eker thedcomnidricionst Bk ahdl FESIGISP eRBlEd BRgRAdi ti onal
el ements. I n one enbodi ment it conprises a 20 user interface having a

di spl & arfépta rl@é?lyﬁgrfdomvmpc‘ﬂﬁwmbé%d@'& atfpen S(blﬂab!@efqm‘ﬁprMIin erm nal

60 b bl I

contral priohexabefs RtndeiREReREAGN oK THe MRbu K S podeC e

bl ocks res;medubea ﬂetaydn!béleﬁénﬁhfstmﬁp@ﬁat@i: f@hﬁefﬂéléysﬂﬁﬂ#e@ubéﬂfﬁwa' a
random acc a read only nenory ROV 25 digital camera.

The i cr oﬁgﬁc‘ége %roog"lﬂ)é’f%‘i%?ga“%élﬁtﬂ%@@isﬁfﬁ:ﬁ symﬁvonsgamro@rfeaﬂotr,@dmd
corresponc{}, %n? basic functions of the nultinedia termnal 60, is
stored in t rea only nmenory ROM and can be executed as required by the
mcroﬂﬁocessor for exanple under control of the user. In accordance wth

t he program code, the m croprocessor uses the radio transceiver 73 to
The system control block 64 of the multimedia terminal controls end-to-

network signalling using an appropriate control protocol (signalling block 68)
to establish a common mode of operation between a transmitting and a
receiving terminal. The signalfing 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 modas 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 68, is used to
select an encryption mode. Correspondingly, when a multiplexed and
possibly encrypted multimedia bit-stream is being received, MUX/DMUX unit



30 forma connection with a nobile conmmunication network, enabling the
multinmedia termnal 60 to transmt information to and receive information
fromthe nobile comunication network over a radio path. 45 The

m croprocessor nonitors the state of the user interface and controls the
digital canera. In response to a user 4bmvand, the m croprocessor instructs
the canera to record digital imges into the RAM Once an inmge is
captured, @p ialrewmtbledby delanyptigg tihe biteptear, ngvidincie$sto itsheoristituent

m croprocess e into e segnents (for exanple

ts t
r nacr obi oc@ﬁtrgﬁg%ﬁg&?%f’ﬁ@g@n%’&‘g@Psﬁ'é‘gprP?’%mﬁﬁﬂ%}ﬁs dorihe eparepiiadacodi ng
f th
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termnal 60 to display the captured i mages on its display or 10 to send the
ence using . the radi o transceiver 73 to anot her
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encoded so:mmememltmi aec5qsftwmb ondedicatdd aaﬁmér@swaibam%tﬁﬁpeﬂtmﬂ process
with a mni nrum del ay gure 11 is a schematic dlagramof a nobi |

tel ecommrﬁ“ﬁ%lt_r%g'dﬁ@t@/ﬁﬁqg'%éﬂﬁ dleggding @ﬁtfé?dﬁiomdmgoﬁo thleenvmtem i on.

Mul ti medi ase stations BTS by
means o SeAriortany SeiRl foy Ry SRR dhe Yol ol B @er Bituree oo
througld a comprdihgdmiizhing-rdaelabis dnstrgotionBaser iie?ﬁa'nﬂihg?%brﬂg{c@ibngﬁc whi ch
control s and manages several base stations. The entity for by a nunber

of base stHePHRS ﬂ@rﬁ*\m}'ﬁﬂcéﬁl§P0hb9h%en@ad%am@@leccﬁebaseordm ioome) and a
singl e ba iRy o] h e stations, is
called a E@é@ E{da?ﬁa %s%t%syisﬁ%ﬁggs ngéf{“ﬂélﬁ &gpé S'tolﬁégb%%ea tatagsn
cont r ol | emé&siGmandgxecutediio accompaics aduchas hpnsdial Wk EiNBIer, The base
station cqontroll er BSC&S al so connected, through a

in order 1o provide that computer with' video encoding and/or decoding

15 functionality.

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 skiilled 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-only memory ROM and can be executed as required by
the microprocessor, for example under control 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
multimedia terminal 60 to transmit information to and receive information

from the mobile communication network over a radio path.



so-called Ainterface, to a nobile services switching centre MSC, which co-
30 ordinates the formation of connections to and fromnobile stations. A
further connection is made, through the nobile service switching centre
MSC, to outside the nobile communicatigns network. Qutside the nobile
comuni cations network there may further reside other network(s) 46

Comnest =, IR Op eSO S A O Ko AN S BBl .

exanpl e the Internet or a Public Switc ne Net wor
an ext er nadigi@d vigamrerapr Invi reipensehdot el esenmmuomimandpriienebistigroctssre may be

| ocat ed vi de cpdi or_encodi ng.stations,.such as, conputers 5 PC. In an
enbodi ment ﬂbs?mgﬁseﬁ]%n@%ﬂﬂ% ) TR %f%ﬁa?@?@%@mm} endip WHREE
conprises g Vicpureé@r ver \aiRYatt r eiviide Vingeo i of0 ubsgcribing to
such a ser vi.ce.sTrge vi deo dat a i@lygo%bggse@gusf}%}gﬁ@ﬂg ng{(%?ﬁgt:oﬁﬁénsat ed
vi deo conpmésiopmrcaseohcegmerdedbei inejd intb hiendge egghmnts Tier wxaaplser ver

may function \a__s,.(g_@,ggat eway to an online video 10 source or it may conprise
previ ous| y"PEEEPEEH) v PR YERT p9e FPRPE 19 BREBPEN PRy Lioprrenaateths may
i nvol ve, foRcqiagoe ki€ ist&hi ' tation M5 and a
vi deot el ephocr)Ie conngctthtg\élvg(tagﬂatgH{ét;eIID %@bgqé(fe%%%g%[%g&#ﬁpﬁ?ggbnpg?%%t or a
H 261 conpsaqusineetas sxplainachinribet feregoindg destrptidre A nker nety ednidaridie PSTN.

15 Figure sho a,video e er, 700 according . to an enbodi ment the

"ovent | on ther A HETEna" G0 48 iRk Bk Caionast iBages g s ivpebod ment
the i npgentiy el RSREET W : | A [ | ving a
vi deo si gntalo%nr oﬂ%ea&?gﬁera gr!mgi?’%er | gg%q%éﬁ(t:ﬂe& no'? tg;%‘os\fﬁ%‘{er?}t‘f rther
conpri ses anaior multimbdiantarmings, aavidearnttiephondOfonrected1iers ¢ixadamd ser 709,

an inverse%T t@ggﬂ\‘gr mer 710, corggéi3 ners 712 and 716, a before-hand
sub- pi xel TSIVEMETRT NS PTHURR Oy, teleqamipynicatipas Aayicgndnam peafededand
sub- pi xel g#Rbbdi 0 [ i Marell i inatd on. wth
motion estimati E)rf]éfrig,l E‘?Eb%oﬁrgﬁé lﬁﬁg’gdggﬂaﬁgg{%g%pra ?sg(g&g #DH‘%H‘“F el d

codi ng bl segMETd incergodedi 60 thatpihes ateidiont ecirct start lal aokre&POnding t ches

702 a 7 r.e _operated.co-operative by a control manager 720 to switch
t he eﬂgodiécggﬁ%grﬁ’cg%s Wﬁ%l@&mﬁﬁﬁ‘g%fjewdeo encodi ng and an | NTER- node of
vi deo 30 encodi ng. The encoder 700 al so conprises a nultiplexer unit

(MUIX/DMUX)_ 790 to forma single bit-streamfromthe various types of
i nf or mat i igWeotLised sehemadicediagiasm of @ombbile ftelecbmmunieationss sietworko a

remt e reGREXIHIG 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 controlier 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 controlier BSC, controlling
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)



47 termnal, or for exanple for storage on a mass storage nedi um such as a
conputer hard drive (not shown). It should be noted that the presence and
i npl ement ati ons of before-hand 5 sub-pixel interpolation block 730 and
on-demand sub-pi xel value interpolation block 750 in the encoder
architecture depend on the way in whichthe sub-pixel interpolation nethod
according to the invention is applied. In enbodinments of the invention in
whi ch bef oferRasgddtonths; rebile gpounumications aetwarkiby gatewm($oGTad, foeencoder

730. 1ot RERDIL M SRR o RSB TR e B lierdn @ Bl el °°
i nt er pol at gaeh iz @aefral mawand driwithit NBe eBIee8RIMENEStGHY P%%ﬂgﬁ)éf’é" demand

sub- pi xel val ue interpol ation bl ock 750. In enbodi nents I 'ch both
bef or e- hanfaynke dacatedayides deaeiding ov &ingedingt siafiohst sech @secpmplirsed, bot h

bl ocks #30 7 i 15 t d 700, ti of th
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the descri etk domplidds BRIASS Y8R VSRVRAKS phoAAE Vifed ERIMp esRRS Vi deo,
received fromthe video source at the Input 701, Is 20 recelved and

processed subscrbing &blsvick- sysaniiceolhec kideasdata j» ebmpabbyed musirasties - scan

der. It will further b d_that when th ding of a i d
sequence SHRIPY, CPRPSPREL Mdkth ComiessOBqmelbed sSeresarbed it kiera. ode.

SubsequentfoyegdiRg. $HE WS LEne %@mwcfﬂiohoascaf&q?@@p tlf)gérg%niliﬂgyﬁhf or mat,,

unl ess one of the follow ng conditions Is net Ju at the
currerO freourceeongitcowyt ¢anprisali previtushyr recomicthevided eclince Typiege used in
its predict.i on hat exceﬁsi ve :#)redi cti [)n rror i nkgr mation _is produced; 2)
a predef i nage? ﬁiﬁﬂi‘ofw ARPICANANS May,invRiver Joi exapie, Jvocmobie sitionsedback i s
recei ved fdgroshd mictiel sthfien MS 3 Rprey ' ' t to be
coded in INTRA format. 30 The %ﬁdﬂé@éé?@@%%gwﬁgﬁeﬂlJ% gg:ré@{ggd by
nmoni t or i nd*&heonnected teftherateroabioner H261 coimpatibiditesmingl &dnmesteda

differ enc%‘%&ﬁﬁ&ﬁ#&ﬁ‘%ﬁéﬁ%e@ﬁﬂpl ock of the franme being coded and its

predictio
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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, impiemented 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 controi 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



48 notion conpensated prediction block 780. If a nmeasure of this difference
(for exanple a sum of absolute differences of pixel values) exceeds a
predet erm ned threshold, the conbiner 716 inforns the control nanager 720
via a control line 717 and the controljwanager 720 operates the 5 switches
702 and 714 so as to switch the encodé# 700 into I NTRA codi ng node.

Cccurrence “candi 1 i Ltore y._nean a tiner or, frame
counter i rr%) Iénrirrlcg\éril%t gb&érﬁ%%)&eplg?ﬁ?‘r%ﬁéﬁﬁnog’bgrmé}%,“3%?[%52dgﬁd'é’%/ﬁvc? REt2if the
timer expicesmputer Hang diivarfeotcshowrgr reaches a predeterm ned nunber of

frames, the control manager 720 operates the switches 702 and 714 to 10
switch the encoder into | NTRA coding node. Condition 3) is triggered if the

Fecei vi ng T aouid P2 AL EF 1T bRRRRS AN AiPlemedRlionior BRI ¢ ane
refrests i ssitppidel ethtbipdidtRon ebRICK NEBA €N abn-dSHHhER §Qﬂgii£é|0wam@ ht

arise, for exa%e, If a previously transmtted frame were badly corrupted
elatienchlpe

by 15 i nt éntesp hd5Ptis theadrendari anchiteatnoe diepgndt om ripessaybire t o

decode at t receiver.. I.n.this situation, the receiver would jssue a
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re-initialdggpiied. UheemBOdiRtErs G1ReCinvaRtioh imwmcwéfafé-haﬁ?aﬁﬁitéﬁﬁel that the
o allow the

encoder and decoder are inplenented in such a way as
det er m natvadee stterpolation is oot pegouned, encsteri780 daesonhett¢amnpiise before-

- pi Lut i on. i1 1. b in the fol l owing, fi | evel s of
fecol 4; breio. S Bl yBlia,lertolaig b BBk 00 10 SlabrereiEimons drinentia ©
codi ng noggvantidn, BAK !Shg‘oﬁteﬁéﬁ(ﬂ l8a8-pixd] iht@%ﬂti&?%’ pdrfintd ﬁ%ﬁ%@g% e720

operates the switch 702 to accept video inpu rom I nput
vi deo si grédicodgpwioessnele siudsal ofedeoand ciutbpixehoabiei sderpfalation bpek 701 vi a

tr ansf or @0 A STERGIRSER T PRICBR0 alrmbont A qnaianaBy Sk oot
coef fi ci evatueaintedpdiatiopaeesefOrmdi BBtABIGAE 730 Gnd'/es urk ¥saitanduant i sed
using_a quantisation paraneter OP. Sel ection of the quantisation paraneter

oP i sleonth®eneedes/Qhe control manager 720 via control |ine 722 Each DCT
transforned and quanti sed ,

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 ¢
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



49 macrobl ock that makes up the | NTRA coded inmage information 723 of the
frame is passed fromthe quantiser 706 to the MJUX/ DMUX 790. The MJX/ DMUX
790 conbines the I NTRA coded image information with possible control
information (for exanpl e header data, 4%iuanti sation 5 paraneter information,
error correction data etc.) to forma ngl e bit-stream of coded inmage

information ¢25. Variable |ength cciﬂi&q éVLC is used to reduce redundancy
of the confUEBLPIPERRIALEMRERICHaM DIAEK 780k Hoarmeasyrorkthixdifferance t he
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appl yi ng apreidetemire@firestait f thencdiiter T16 inforesserequantibsathndgba. The
resulting data.is then input _to the conmbiner 712. In |INTRA node, switch 714
is set so f#atvVigre Gy ke YA abrbingecomtrol wanages €30 teperates the set to

zero. lan thi: r.at | .comi 712 is
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of the invention in which before-hand sub-pixel value 20 interpolation is
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macrobl ock i s subjected to sub-pixel interpolation in such a way 25 that a

pr edet Br nisméighsihs-enaodsf intgdNAB& codiaganade oboaditiopid)ds thggared i the

cal cul ate rl e, 0k | qf i th f the invention and is
ctor ed t oG9NTE HrRRd, 220C e BoéGoRe AR o Tot GKEMAIG. a1

enbodi mentrecéivinghtermimef ovi@-dormad! Sive- mmeindicfsmgpmaat AONINTRAOrard8

per formnmed, ‘ﬁefore- hand sub-pi xel interpolation block is not ﬁresent in the

encoder arehesheés pquirgsyby tie seegivingrteaninebnBuch g carmlitiony mighksanse,decoded
i bl j i i 3 4 t
morobl oot SYaMpReCt, & breuioticly YahGmid A ethe " ork' Baay SoriBiest BV el y

descr 1 Hedimntederemcandlriteritsitragsmission, irendé ik imPbssifkRoto d&dde’dhe 712, a
decoded versi.on aneis built up in the frane store 740. Wen

8f hhe.kNTRA fr

the |ast FRRGYSHH deRNiSs Sifyatiopy the feceivanwonld issuena remestsias dhe nawid
subsequenirbindlagosgdenthied ATVPRAT forfdfl, GRLL AdmifISRIEP ! eéyddiﬁgcoded
frame, available for use as a prediction reference fra in coding a
subsequenseéquesei ved video frame in INTER format. I n enbodi nents of the
invention in which before-hand sub-pi xel value interpolation is performned,
the reference frane held in frame store 740 is at 10l east partially

i nt ergrpl aftedn t@@%@hgﬁhméeméﬁgg%hcdawaﬁw @toder 66 iMpRAETted§? 1N | NTER

cocting node wi now be descri . |
such a way as to allow the determination of motion vectors with a spatial

resolution of up to quarter-pixel resolution. As will be seen in the following,
finer levels of resolution are also 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 macrobiock from input 701 via the input iine 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



In I NTER codi ng node, the control manager 720 operates switch 702 to
receive its input fromline 721, which conprises the output of the conbiner
15 716. The conbiner 716 forns prediction error information representing
the difference between the current macrgbl ock of the franme being coded and

Its prediction, produced in the notion Conpensated prediction block 780.
.ock 705 and
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single bit-streamof coded image_i nf olr mat i grﬁw%cgfdrhggmgé)igﬁ%a
predi ct i onOkGPERY| g iieEmaticeY 72he Vasshleneogtibbodikgofviideisl 0E&Rt6oded
frame is t 0 | h caoder 700 . passjng the 30 encoded
predi cti on%hréoerﬂ n odraﬁg&iggnﬁ{%zgg ?ﬁﬁe(ﬁym%‘?egﬁﬁ REMseRS 719NN h t he

I nver se qudtisesskilietDd taecGappl ying an inverse OCT transformin block 710.
The resulting | ocally decoded nacrobl ock of prediction error information is

then input to conbiner 712. In INTER-node, switch 714 is set 51 so that
the c I ngr r | tion predicted crobl ocks for the current
| NTER rﬁroarr‘g,'°%%§d§%€‘gjﬁden&?h‘igi%ﬁorﬂ}?(£@ﬁb&%M8f gsed?yc@@%ﬁm%lﬂamdatﬂeo. The
conbi ner 7d@pabbpithesuahiser TO0® tioagRSNRirsh ' P
reconstructed i mage %1 ocks for the gurrent %Eﬁﬂrmgﬂg é‘ﬂﬂﬁﬁs an
inverse DUT transform 710 to the inverse-quantised data. The resulting
data is then input to the combiner 712. In INTRA mode, switch 714 is set SO
| that the input to the combiner 712 via the switch 714 is set to zero. In this
15 way, 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 biock 730. The input to the before-hand
sub-pixel vaiue interpolation block 730 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-pixel interpolation is not
30 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.



As descri bed above when considering | NTRA coded franmes, in enbodi nents of
the invention in which before-hand sub-pi xel value interpolationis
performed, the output from conbiner 712 is applied to the before-hand
sub- pi xel interpolation block 730. Thus, the input to the before- 10 hand
sub- pi xel value interpolation block 738Gin I NTER codi ng node al so takes the
form of decoded i nage bl ocks. In the before-hand sub-pi xel val ue
i nt er pol at isnsiassEnsmaaabloctie ob ter cumentopdmekare Tes6ib @ GirRflufdergyb- pi xel

f

i nterpol ati,on in .such way that a pr eqdet erm ned sub-set of sub-pixe

values is & @ﬁ?‘ﬁf)ﬂﬁlya@é?ﬁ’ﬁ?eﬁgc?@’qgh@‘ Heepdivoastess ineblockis 6f0%, hed6,nvent i on
dis 15 t t | ' in, f t 740.
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i mge bl ockQUed s28d spRaeqkently: 19pCoded: dhe dsie F0oe 240 Acostdisecaent

macr obl ock ' i : ejved fromthe video source and
Under o i neompidtets Ubeeded e, ABIARE ol hed T, Bredibii? fibicea 705,
706, 709, ftame ifleodingde satisdqymntlyi Me%dtmgeémfsﬁméﬁ£MétF P in the

frame store 540, When the | ast macrobl ock of the frame has 25 been | NTER
coded and ewWeedHnents| wf adhe dewention i whickt beforgd@ndorsubipizel vatuml et el v

decoded fr; Ll far ,u rediction reference frape in
encodi ng a’asu ‘s’%éﬁé‘r%?wfﬁr"é@&dv@% @?%‘%88?5%%9 .“ﬁ‘a N#Eﬁ"]eoériﬂﬁ {}4@@ at
enbodil@entleast parially nterpiolateditd subipiket beddigoiand sub- pi xei val ue
interpolation is perfornmed, the reference frame held in frane store 30740

is at least partially interpolated to sub-pixel resolution. Formation of a

predictio ; ent.. frane, will now be described. 52
Any framgggﬁgggﬁﬁﬁﬁ%@ﬁh?g?%ﬁ F@%ﬁr‘%’g'@ &‘éﬁd&‘@w&? ggr@%ﬂse%t i on
conpensat dd IDFRER atddimg ritdes theacentroi thahagér 720 tdprlratés eswigsts 98bng a Vi deo
sequence, the first franme to be encoded, ether it is the first franme in

the 5 sequehgie Itg INRHHEOR Hae 7Pi awdichermprses thaoaeiput of therpanthinerat . Thi s,
in tujs, Ny | € ' witehed into | NTER
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rane 1s
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



performed by notion estimation block 760. The notion estimation bl ock 760
recei ves the current nacrobl ock of the frane being coded via line 727 and
15 perforns a bl ock matching operation in order to identify a region in the
reference frame which corresponds substantially with the current

macr obl ock. According to the invention, the bl ock- mat chi ng process is

performed tg gul-theX@dmb@epiMb 930! r@cérvﬁgr}ﬁ&roﬁg q{g%@?nds {‘)Jpsg[fg pi xel

i npl enentation of the encoder 700 and t egre
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in all cases. Specifically, notion.
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and 25 Tandi date best-matching regr ons of pixels / sub-pixels in the

reference frang. A difference value is produced for all possible offsets
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frame ltd‘athé{hcglsﬂﬁ« iR& vARL!ifRIm Q%{r&ig&gﬁegﬁﬁ gﬂgjﬁnes the t' n vector

for the macrobl ock 1 n question.
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sub- pi xel P 19R, a%aa@cw%@emrremapmw rsgsutseq:tademmmums of the

encoder | ol
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cal cul’ at equal@ﬂatdadnmmbrdmlg toi ﬁuelmmﬂ}elattontrﬁémhaéﬂ 0z IveRliorl g ¥ I on
mand sub-pi xel val ue interpolation bl ock

?ZE)I t calS %egzogejigﬁconh’ shﬁe‘?n elﬁ'epﬁ@éa‘éﬂuﬁ??n inhrame (siterek 748t dhi ng
process | o malgsRoAnShiieR 1t 308 S hbind 8 P RUSEenddd < case

notion estimation block 760 be 1nmp S0 as
bl ock- mat mfcrr@ hand auﬁaepnselepwteworaem biockwisi nbt qassed IMitheNeN&dep’ W th

the desir xel ,resolution i s ht_ directl or, it may be

ol enent ST G U Bulfh el SnBih 2 SORRRinG oo aemsse | f t he
15 two- stemmpmea;sp;aea dictny elfralésibid phostep may comprise a search for
e.g. a full or half-pixel resolution notion vector and the second step is

perfo?Qred |n order to refine the the notion vector to the desired sub-pi xel
0% m pi i Stbsoahy ROt O AR R Bal freb B denighacis of n
x m pi xel so@rce 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 subsequently 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 embediments of the invention in which before-hand Sub-pixei
value interpolation is performed, the reference frame held in frame store

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

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



20 sub-pixels in the interpolated reference frane, it shoul d be appreciated
that a sub-pixel calculated in an on-demand fashi on by the on-demand pi xe

i nterpol ation bl ock 750 nay need to be calculated multiple tinmes as
successi ve difference val ues are detergined. In a video encoder, this
approach is not the nost efficient posstble in ternms of conputational 25
conplexity / burden. In enbodi nents of the encoder which use only

bef or e- hand sub-pi xel val ue interpol ation, bl ock-matching may be perforned
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di fference cal cul ati onﬁ are req It should be appreciated that while
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estimatj on bl oc . I ted in such a wa

sub- pi ¥k %h‘r‘é‘@y ﬁ@%'ﬁ@ﬁ"fﬂeggﬁiﬁlef eoded Bém@nmﬁdTEEiﬁcme@ﬂramal ue

i nterpol ation block 730 and stored in frame store 740 and further control
on-demand sub- pi xel val ue interpolation block 750 to cal cul ate any

addi t i onal Thabrglistep indarmirg a peadiction foe ar masiatidek dhthdb@edntTRIBS N

process mﬁ’er?c‘oarn?eeé Lycr) mo %naessti?nacf{cl}%-glggl??so. The motion estimation biock 760
receives the current macroblock of the frame being coded via line 727 and

15 performs a block matching operation 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. Howsver, the basic principle behind the biock-
matching process is similar in ail cases. Specifically, motion- estimation

block 760 performs block-matching by calculating difference values (e.g.

sums of absolute differences) representing the difference in pixel valuss
between the macroblock of the cument frame under examination and

25 candidate best-matching regions 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 precision x, y displacements) between the macroblock

~F th
v ]

moraerrand
I WG

it frame and candidate test region within a predefined search
region of the reference frame and motion estimation block 760 determines
30 the smallest calculated difference value. The offset between the macroblock
in the current frame and the candidate test region of pixel values / sub-pixel
vatues in the reference frame that yields the smallest difference vaiue

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



15 or a two-step process. If a two-step inplenentation is -used, before-hand
cal cul at ed sub-pi xel values retrieved fromframe store 740 nmay be used in
the first step of the process and the second step nay be inplenented so as
to use sub-pi xel values cal cul ated by gg-denand sub- pi xel val ue

i nterpol ati on bl ock 750. In this case,~“tCertain sub-pixel values used in the

20 d | pck. mat chi d to be_cal cul ated
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val ue calcul ation is not used. Furthernore, nmenory consunption i'S fTeduced
wi th respedf sub-nixgl piecisinnsas deapiitedd iorthy foefgoireg.hand sub- pi xel val ue

25interpolation is used. Once the notion estimtion block 760 has produced
a notion vector for the macrohinrk of the current frame under exam nation,
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predi ct ed @iy 613l Ses SR ORI 95&0hind 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 biocks 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 may 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
mnleomatohinm seomes bany smmefoa 8 L o o b
vinnmaiiiny may o€ penormed as a one sep process, as
all sub-pixel 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



15 predicted pixel values represents a prediction for the pixel values of
the current macrobl ock generated fromthe interpol ated reference frane. The
macr obl ock of predicted pixel values is passed to the conbiner 716 where it

is subtracted fromthe new current fragg in order to produce prediction
error information 723 for the macroblock, as described in the foregoing. 20
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er 720 to form an encoded vi deo 25 stream 725
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for transm®s

accor di ng tyhifehfilil BeRd-haAd éjd dpl\%?fé‘ﬂé%ﬁgdnt«:{?ﬁggh%%ﬁﬁgﬁ] o tlg% %Bé 700

810, which receives the enco
and denul t cpimplt@sty in, therenaoder sié is|nahthes afoss 20ficiant APYRIASR iIRErhs st or mer

830, a notion conpensated prediction block 840, a frane store 850, a
combi ner 88NV INHBIP P Bnager 870, an output 880, before-hand sub-pi xel
val ue interpol ation block 845 and on- 56 demand sub-pi xel interpolation
bl ock 890 associated with the notion conpensated prediction block 840. In
practice theenmmménmagerexﬁﬂﬁeoﬁnWﬁ:mbéﬂﬂﬁéf&@@laﬁﬂdaﬁﬂ‘%gw?ﬁ a4 rmanager

720 of the oder 700 nmmy be the sane processor. This may e case if
t he encodegl?b, n@i%dagfépolatlon are used, motion estimation block 760 is
10 implemented in such a way that it can retrieve sub-pixe! values previously
calculated in before-hand sub-pixel value interpolation block 730 and stored
in frame store 740 and further control on-demand sub-pixel value
interpolation block 750 to calculate any additional sub-pixel values that may
be required. The block-matching process may be performed as a one-step
15 or a two-step process. If a two-step implementation is used, before-hand
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
1o use sub-pixel values calculated by on-demand sub-pixel value
interpolation block 750. In this case, certain sub-pixel values 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 caiculation 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 10 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 values (known as motion
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i nt er pol at

part of the sane video codec. Figure 8 shows an enbodinent in
whi ch a conbi nati on of before-hand and on-demand sub-pi xel val ue

ion is used in the decoder. In other enbodinents, only

bef or e- hand sub- pi xel val ue interpolatggn is used, in 10 which case decoder
800 does not include on-dermand sub-pi xél' val ue interpolation block 890. In
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MUX/ DMUX unit 810. Wen_an I NTRA frame is decoded, the encode
725 i s denfivesisinea@poMidgd fiorrahe sugipmestinudticsciieck@60dtsetir ol i nf or mat i on.
No 30 m)tion vectors are included in the encoded video stream 725 for an

| NTRA coded frane. The decodi ng process is perfornmed nacrobl ock-by-
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) _ I 10, it 1s passed
motion field coding block 770 and the pixel / sub-pixel values of the best-

matching candidate test region, motion compensated prediction block 780
produces a macrobiock of predicted pixel values. The macroblock of
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.

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
control information from control manager 720 to form an encoded video
stream 725 for transmission to a receiving terminal.

Operation of a video decoder 800 according to the invention will now be

described_ Roferrinn 1o Finura 8 the danndar 0NN Ay e ]
ey P Rpie 8, e GeCoder oUU comprises

o)

demultiplexing unit (MUX/DMUX) 810, which receives the encoded video
stream 725 from the encoder 700 and demultiplexes it, an inverse quantiser
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-

ed in

r ol

c

t he

0 stream

tracted



i nverse quantiser 820. The control manager controls inverse quantiser 820
to apply a suitable level of inverse quantisation to the macrobl ock of
encoded information, according to control information provided in video
stream 725. The inverse quanti sed macg%ﬂaock is then inversely 5
transforned in the inverse DCT transf r 830 to forma decoded bl ock of

i mge info [ ON. ¢, O l. 3 70 co ol s conbiner 860 to prevent any
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bef or e- hanieABCORerB0Q, and dhe mostisb manager A2teotiteodecodsrodo ffay pagE
informatio j ' al-ues roduced as._a result of the inverse

quant i sat i {ohr?( %an eiér){\bé%sseo\ft #’iﬁs’%‘éfrReo‘E‘&r%ﬁ%eo@h%@PW%EOQ Ang| drgesleg20 and
830 i s Jpasse0l at® phrfoities Bamed idbo cdgeP! Xel value interpolation block 845.
Here, sub-pixel value interpolation is perforned according to the nethod of
the invention, the degree of beforehand sub-pixel value interpolation

lied being datermined by the details of the decoder inplenmentation. |
ahod mentS0Bre Pl A eRihodifeRFitHhish a comhinaism of keloreeod and

i nt er pol atgBehfaniPs WP AR = DAk - o] val, ue
i nterpol ation bl ock %@? idﬁl)t er pollrgtgédgi%f(ﬁﬁgg?%?x'g@gl §§§¢dqrh !%rﬂsgﬁf ment s
that use cerobagdimentsonnlyf bplsrerthandandb-pirk! ovalde niatipsiaioni seliso@! e

i | atj f or g- hand sub-pi xel val ue i lation bl ock 845
it or 301 ackley S 0B A BeCnal frclive vatdegnanchisimpiyet vawe se. for
exanpl e, ahtleg&blbti@m ARk 8boha fa ghﬁbnbecé”rhbi%aﬁn?rﬂrof"‘trfeoé’Fﬂ}se?x%tPh?gW;f case.

sub-pi xel s 25 at hal f-pi xel and e quarter-prxel locati
after bef bieéonraind uubopixel valleidnienpelation aisi aisedt e that deesdiat agdgsub- pi xel

el val (agRE e, SUERsl e ettt clock il & amited
| nt er pol afeeh eveldeteder Broifitadtm@d§hdin %%?ore@ﬁadci?aﬁ% P@g&%g{,ﬁéub_g,téﬁépol at ed

to sub-pixel resolution is 30 progressively asse store
850. ahll b¥eleeldierpalation arefprriarsiecigha desfosiee moengris@sebdthrblookd 685
conpensatgﬂd@gﬁﬂiction. 58 I n enbodi nents of the decoder which do not
enpl oy before-hand sub-pi xel value interpolation, the decoded bl ock of
image information (i.e. pixel values) produced as a result of the inverse
quantisat%ﬁgdgn inverse transform operations perfornmed on the nmacrobl ock

in bl ocks fPlgmanager 840scentrelsr et pperationr afrshet daaodes 80N
subsequen d ecoded fra aving unit
pixel t eoiton poethBr S RO LR ITER it I BRARL0SEEI 5% and
becor®s alNaiRAN| ITER triggeraconirol efgtrat nwhich adBsé9 therdlbbedeCRIBEARSRL ed
prediction.. 10 Wen INTEE franmg i s decoded, the encoded video stream 725
i s denul tPNEeEY qeeﬁpa{]"gn P# elPEYechn fer rexammeorframi pietes tyms  each
macr obl oGkfdtndtfeR prodidBd éﬁzﬁ&ﬁbghgg BHHHnO& 8%02{ %’ﬁhﬁ%ﬁd? v%ée g?rg n%eo n.t rol

i nformation. Again, the decodin cess 1s

macr obl odlechiyedcfrom thek envbder. tTres dNTEUed INTER Qﬁ?@é\' BOAIRS! sighgr f@tion 723
for a 15 rracr(g)'b ock f's extract?@}frpmthe vi deo stream 725 by MJX/ DMJX uni t
S

810, it iRAS5ELsiycPpirel,nanager B0 viaeportol lime i 5| togathegewitis zaheont r ol s
: > Pet: : ol heont rol s
e ooy Y ok Cefbp SBRRS BT SRE fiofif fhe Baeplid iedShPag ro

control i7/25dvyrtita biuX/BOMIIX editiBtOvi deo stream 725. The inverse quantised 20
macr obl ock of prediction error information is then inversely transfornmed in
the inverse OCT transfornmer 830 to yield decoded prediction error

i nfor mat i‘ﬁﬁe.'f: Ok LG AR GLABL OEK o TDE, frot] on, Coel Il Gluent Siddm 3580ci ated with
the macrob OCK 0 guest on-are U, e encoded vibdeo stream 725 s
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 macroblock-hy-
macroblock. When the encoded information 723 for a macroblock is

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



25 extracted fromthe video stream 725 by MJX/ DMUX unit 810 and passed to
noti on conpensated prediction block 840, which reconstructs a notion vector
for the macrobl ock using the same notion nodel as that used to encode the

| NTER- coded macrobl ock i n encoder 700.‘Jhe reconstructed notion vector
approxi mates the notion vector originéily determ ned by 30 notion

' I on. -of der., Th ' d dicti
b ock 840 veffes ettt 4L B Rl pAGe PR oGl TR GRSE cbologobent i f y

the I ocatign fiplp dlsepabRf eVetedf invdibe P%B‘dﬂtis&ﬁb#et% e %E&%@i&tki g
reference frane stored in frame store 850. The reference frame nay be, for
59 exanpl eeneogadiniorsaiione aseerdingNtRicdntenteinfarmadiopr pravidesi yn dédesled | NTER

frame. In either e,—t he.block of pixel / sub-pixel values_ indicated by
t he reconsﬁr%rpedf ti O vENESTe HBBB t@%@'ﬁ?@dﬁ:t than oinversely

macr obl pckirhRstBHAsH iif;i’]'ciheta hvEhse D@ﬁoﬂéhéﬂd%éﬂgﬁﬁ% %'m;{ ﬁg(gét{oﬁ%ym&@% Q{ to any

pi xel or sub-pixel. he notion vector 1 ndicates e pre ion for

t he cur r enimagec indbinoation. Cémrotadafagen 7 ebnirelsuemmbinee 860he yrveas of

pi xel s at unit fﬁi xel | g(g_at i.ons),. these can sinply be retrieved fromfrane
store 850, BRETGREENFE T 'T?aﬁiof'oe’%f[l@éﬁegrl'“aﬁh@ ngaf the L¥TRH enslachg t he
decodi ng Ablod ) dden ' I oell cat . predi ction
for the cfﬁlfgnt m%?@%l %%:({? 'S f’ggnggﬂ?égﬂ@%%ﬁ%ﬁrgﬁ %Srgte}g? {Et]%g"sde%onust

ei t her be awpui 88@df theodedadtre store 850, or calculated in on-denmand

sub- pixel interpolation block 890. Whet her sub-pixel values nust be
cal cull ed, or can sinply be retrieved 15 fromthe frame store, depends on

t nggggf eqnH¥mbeHRe s A dhs HecBHEL WhIGH BRpISY BERRLHnd sitRFfel Dafiae
interpolation, the decoded block of image information (i.e. pixel values)
produced as a result of the inverse quantisation and inverse transform
operations performed in blocks 820 and 830 is 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 interpolates ali sub-pixelvatues. In
embodiments that use a combination of before-hand and on-demand $ub-
pixel value interpolation, before-hand sub-pixel value interpotation block 845
interpolates a certain sub-set of sub-pixel values. This may comprise, for
example, all sub-pixels at half-pixel focations, or a combination of sub-pixeis

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

oblocks 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.



I n enbodi nents of the decoder that do not enpl oy before-hand sub-pi xel

val ue interpolation, the required sub-pixel values are all calculated in
on- 20 demand sub-pi xel val ue interpolation block 890. On the other hand,
in enbodi nents in which all sub-pixel 4%@ ues are interpol ated bef ore-hand,
noti on conpensated prediction block 840" can retrieve the required spbpixel
values directly fromthe frape store.85Q. |In enbodinents that use a

conbi nat i oﬁ'%g oor(g'%ﬁg#do%m% -Oéjté’ﬁﬂ\ﬁ’dg‘gaﬁ- t)?éW"\‘?&lﬁ‘”i%%’ﬁ%W@ﬂ"@i, the 25
action reqyafiedinterssidfsn, t theOkledbBed NSIERAYY § u | v esdepends on
whi ch sub- pi xel valﬁs are interpol ated byoﬁ@gﬁgn@?&@%c}nnga(gg' E’H‘%ixarrpl e
an enbodi neallesh piodubedl 4s sulrepulkedf e Uesemt gabhtigatosl drecaiveess are

cal cul ated befPre- hand,. it irs' evi fent that if a reconstructed notion vector
for a macr JBMBEMRGIALORS PETRIMEH othe macrpbloskiin Rlasks 820 ang BR8Iis at

hal f - pigel h38sdPHAY: t&! frahBesiir&ehs8’ = I iLred to form,
t he predi c?i on for thz rracrr%rbl O(S:Ejrgrgsg're@%%ﬂsﬁapﬁéﬁfrﬁgﬁé}%&%‘?eg%o and
can be retdeevdadl farainstdrede dylecodedniramepemsatgdunlit giialt fadidiopcks 840. |f,
however, the noti.on vector ipdicates a sub-gi xel at a quarter-pixel

| ocation, PTRITEIHIVeY AsPeMblRs Inelhei framertorephl e preames availaile fohe
bl i re 1 heref | cul at ed
T on-deniel & Alorbtenias Hamd'drmiorbt i BofoBitedbfon *t b o Caco, o ¢

on-demand sub-pi xel value interpolation block 890 retrieves any pixel or

sub- pi xel required,t efform5 the interpolation fromframe store 850 and
appl i &9 th %ﬁ‘téﬂpﬂﬁgﬁﬁohaﬁ’@t i dlegeded; tael engasied vidsopsieamy IRGets

| cul | adt el i ' block (890 d
o mot 1 on eTERIARaTo S HoRetr arkBlen, et RiThAn 25 fBY o, "o °

macr obl ockmaawblmzinobtheaifraank, aseociatedi mbijon dddifidients, 724 ra”l ebhpgk of
i .fromnotiqon conpensated prediction bl ock

predi cted.pj xel ..val ues). i? asse )
840 to co “W@‘P"Qﬁo ’Wf;é'F'e f|‘$ NEPRFess theperéergird maeswbiadkdwy-er r or
i nf ormat i gp: o] o r j b} ock whi ch,
I turn, bl e e Shcbod DprBdbioR BAS) HRriaolR 2R3 4 Snoul d be
appr et$ at euacrobtodkds pxtactieddton tipd videot sitéam §26fbyeMUNBMUIRUrtsl glecoder
800, the extent ich franes ar ore-hand sub-pi xel interpolated, and
thus the SisdmeshR e BPBis R ICOuTR dhateaer S Spaisrinearse i <
per f or med quaatisére 820056 A of Hutabled fowdl 6 ;?r?]@érgé Q¥antid@ioR2{ AL ©

e

i mpl ementati on of the video encoder 700, or environnment in which it is
| nt ended fRRGEbIGSKJO! sagodsdhppsdictian erios intormajioay @ctatsirg tto ¢dntroti deo

encoder i LL 4 ed, : rese d r other functions, it is
appropri a gbbg}’{“?'?n {&h% arr[)rﬁn\;m%# %@P@ﬁé- Réﬁd iﬁﬁ gvgtRe,, fguapti

| nt er2®| amavrobloek of prediction Gedr ihfor@lakion iSIRES iINVEISEN tAsfBIRE@ R 0Cessor
per form nﬁ t he vi deo_encodi ng) operation has |imted processing capacity,

e.g. the Bvegie del atiagpormer 83Qotel yinkt deaeded gwedistion ewor
conpar atlm?&ﬁném fdr&/%+uﬁ1eéq?6l?0&ppr opriate to restrict the anount of

on- demand sub-pi Xe nterpol ation that is perforned. In a nobile 30
comuni cations environnment, for exanple, when video encodi ng and decodi ng
functionaljty is incorporated in a nobile tel ephone or simlar wreless

terninal 180 reelior apelficiests (£4 assodialed with dhe prasteblnck inquestart Arerenory and
Pr OCOSST NGPRIEA B RS videBTst@dm 785 bl MUSERX SaTH 104 nd paSled to

motion compensated prediction block 840, which reconstructs a motion

vector for the macroblock using the same motion mode! as that used to

epcsde ﬂ'\e !l\iTED,‘Coded anreab bl 2.

Macromiock in encoder 700. Th

ne reconsiructed
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



61 before-hand and on-demand sub-pi xel value interpolation may be the best
choice to obtain an efficient inplenentation in the video encoder. In video
decoder 800, use of before-hand sub-pixel value is generally not preferred,
as it typically results in the cal cul a4g on of many sub-pi xel val ues that
are not 5 actually used in the decodi ng process. However, it should be

appr eci at edxahatle,abt pavgdusl fdeebgal INTROPaRE Qﬁfgrﬁfet@m&g;&%{sgg%%enand

i nterpol ati 02 can be used i'n the encoder and decoder”in or timse
the oper at 'SHERf fragien In g8her eassdbe bieek depixebf sobpid valemeiagsk SO as to

use the sa Vi S] en hefore-hand and op-demand sub-pi xel val ue

10i nt er pol at i g*né/ %F?ﬁ%tﬁg(ﬁ hg‘q%8pe§8?tﬂﬁ (H%QF@PPBP% dhe deeadiglian dq¥s#éhe be t he
constructi mmblbbﬁiﬁgﬁgt%al ly predicted frames (B-franes) in the encoder
700 and the decoder 800, it should be understood that in enbodi nents of the

i nventidn, 15 such a capability may be provided. Provision of such

capabi lity+Ls consi,dered w.,thin the abil i_t%/ of one skilled in the art. An
encoder 700"'8r V& HECHHES "EOE AEREPHMRY AU eany il isrubapixele It el | sed
usi ng har dutionofe @6 IntidRes Q | Sy I nat 1.on ofh. An 20
encoder or decoder i npl ene?\?egaygﬁé;g’{%\xgﬁﬂ ?rg'lyﬁl])gem}g?ﬁerbﬁﬁﬁ%k&a’sseparate
progr am or fosmedtiromr pixaluvaldeadiel tekvaibas ofapixdle atsesit Pyxel abbgiehapr 09r ans.
In the abotég geéc ié?ﬁ)ti@n and i.n‘ﬂ{ﬁ? dra}vvi ngs, the functional blocKs are
repr esent ed°8 ae[i) mpl b telie O TFaiRet sterl 890, a% theevalubs doks can be
I mpl epent diioh &6 | irebfy ki . nj 5 The,encoder 700
and decodgglesdo can Pﬁd??hegr laiE)e co?‘gfih@?hlgn&%(r&géﬁﬂog #%%%@m\ﬁ‘d'é%@odec

havi ng bototer ogcty iadivats thitnthef prectictiomafort the torrdddinka@bbloek bgi Ng

I mpl ement | ltjmedia termnpal, such a codec may al so be 1 npl enent ed
in a net mgsﬂ?gﬁ%ﬁesé'ba@é‘f UrlHgSt g‘%ﬁe’ﬁ“ﬁ@@t’iﬁ?b@%ﬁﬁmﬁ‘é@% feon deamat er

progr am OrstéreC8HPULE lcalifeted e b Lol | eqd, at | east
partly using hardwar ec':-a 62 Th'e glﬁ-g'?ma)?gjé?% éﬁépﬁglgﬂhgﬁ% g’sq@d in the
encoder 70¥Nather faborise! vroes duustdbe galaulatbd, ion\oant s?ﬂﬁpl{myé bstrigeseri bed in

and then To5t B REmESbre, dbRPal ol 5 BPo5e alkelroban svichoinaisn.
pr ef er r edirdeipathtimndsedsinihei d&todeyal ue interpolation is perfornmed to I A
pi xel resolution and in the second the
In embodiments of the decoder that do not employ before-hand sub-pixel
value interpolation, the required sub-pixel vaiues are all caiculated in on-
20 demand sub-pixel value interpolation block 890. On the other hand, in
embodiments in which all sub-pixel values are interpolated before-hand,
motion compensated 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 vaiues depends on
which sub-pixel values are interpolated before-hand. Taking as an example
an embodiment in which all sub-pixel values at half-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



method is extended to g pixel resolution. It should be noted that

I nterpol ati on nmust produce identical values in the encoder and the decoder,
but its inplementation should be optimzed for 10 both entities separately.
For exanple, in an encoder according tgo the first enbodi ment of the

I nvention in which sub-pixel value intéppolatlon is preforned to I A pixel

| ut f i {1 | ut |
bet or - hand °dHifed 18T S the AETLIQL ST e b eeleds é%ﬁﬁeﬁwé‘égaﬁiéﬁa%ean
on-demand fsishi B50 @k apbemetdreye aéé?cxﬂs%%efeﬂng%ﬂ Bt 0B, @ﬁ%‘ O

This has the effect of Iimting nmenory usag eep| ng
conput at i origtere@latiprexbiack $0.den a!thlsancam;epmwtlbmdme%ub pixel hgatgacoder,
h

h h | cul f
sub- pi xel o et} biodk B4Y BEHAIEE Snimeet ot BuSrh Taagred & Pedosmbodi ment
of the S‘GCQH@ﬁntéﬁ]ﬁﬂatﬂﬂ frbﬁpfrélﬁ’l% Q@F@@SOWag?ﬂ{ésﬁhé%te\é@él%ﬁ?' h& SihRd lation

20 bl ock 845 and 'all sub-pixel value Interpolffatron’i's

on- dermand Siﬁbcpﬁ}afébelww usiiti-pixet palieti wicutiedkin &@Pdemantinindgier V4 éon
the interpolati references are made to t |er

ho ovi ded be] ow,
posi tions HEBTW?%}(P ﬁ'oﬁﬁéﬁ%pearfdéﬁsﬁeﬁi W@tiﬂﬂgﬁﬂwwsﬁé&%P@mmeblbem A
represent @upgi nal pixels (that is, pixels residing at unit horizontal and
vertical locations). Pixels |labelled with other letters represent
sub-pi xel s that are to be interpol ated. The description that follows wll
ntroduced conventlons regarding the description

dh
gf Slr x]e(f %%E%B\éécﬁé e & MaisEoblagk heg bpan ebtaingd, the predictien dhat i on
sub- pi xel sjgl agehﬁ&gogogkeop%,@b;&gdb ixdel r@é!uggl q% Bé&% A&?@‘;]tfgrﬂ%glrgt )e(I .

value b using a Kth order filter ord ng
a vector otompensatedgsedictior iack 840 its combdnereSeP werd itrhSihe@fwity | 9i nal

pi xel valu ted .at. unit horj zontal” and unit vertical |ocations, and -
Kis an i n&'@g@@ﬁﬁ?@ﬂ”ﬁg#'ﬂ@sﬁ'ﬂ%’ Pipation fordhei magroblppludo tagmat on 9 can

be re-expregsadtirdded image block which, in turn, is passed to the video oufput 880
15 of the decoder.

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 capaéity,
e.g. the number of operations per second that can be executed is
comparatively low, it is more appropiiate 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



10 b =xi Al + X2 A2 + X3 A3 + + X K-1 AK-1 +XK AK(10) The val ues of the

filter coefficients xi and the order of the filter K may vary from

enbodi ment to enbodi ment. Equally, different coefficient values may 15 be
used in the calculation of different sgh-pixels within an enbodi ment. In

ot her enbodi nents, the values of filter coefficients xi and the order of

the filter tma‘xoreihaamhr@nomaie@ﬁhrﬁ;f stbPied VaRRROINE BB NSHE; Ls; bei ng
interpolated. .Pixels Al are di sposeﬂtjj]@sym'ret rical rFy Wi tn g?ﬁpéé?%épbé& he | h

resol ution ik ebtain s ﬂ@!Ci%ﬁ@mﬁlﬂfﬁe@aﬂaﬂcﬂ dhe video ehosdmt Imeidglbour s of
I xel b si tuated

2t hatf nortSGREL PoBTube Bl BRIl Syote §3er b diteralf Rol Bretpinss
hori zont al lgs Mﬁﬂb&i@&@gaks irptﬂé c@Bulanendf 'rﬁ‘ari?ont aFixéﬂpélue#fméthﬁ’relﬂ&

resol ution sub-pixel b situated at unit hori and hal f verti cal

| ocati oft i @O@éalgl usatt & the sheeddmg. m@bessﬁ Howeders ;sbsmumaw apprdaiatelt h
respect to.p. ,(as_,sjmwn % Laur é 25 A fina] value for 1/2 resolution
sub- pi xel BNeEAgUgl difegnhe lﬂ‘{H“aPh efatedepdangt on Femandinigrpalaienst ant

scal ci, trapdaid 08ed in e @h&@dfﬂ a0 HBESGS mf‘t&fHBnggodlapr@nféé ﬁ@' gﬁe}ahﬁgf esul t

tollelntherane[o, 2-1]. In alternative e nts o ention
r oundi ng mey asehpbptoeneedermand decodetan ibenicetiementdd ebedsatd) wise agast ant

scal ei sen be .e he .su il ter coefficients xi 64 A
value for %ﬁﬁ*%%ﬁ@%ﬁﬁ%&ﬁ%%ﬁ*@dﬁmﬂ %nd | e demand,| sub-pisehi valde by fir st
cal cul ggi ngqt@?dmkﬁ,r medi ate value c using an Mh order filter, according
to: c=x vyi 5 where yl is a vector of filter coefficients, Lis a

correspondi ng vector of internediate values bj in the horizontal or
vertical diﬁ\ftﬁgﬁéﬁ)'ﬁ'\e }o'rg'géing description does not describe the construction of bi-
directionally predicted frames (B-frames) in the encoder 700 and the
decoder 800, it should be understood that in embodiments of the invention,
15 such a capability may be provided. Provision of such capability is

considered within the ability of one skilied 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 block 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 form
a video codec having both encoding and decoding functionality. In addition
to being implemented in a multimedia terminal, such a codec may also 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.



c=yl bi + y2 b2 + y3 b3 + +YML bh4.1 + y b n(12) 10 The val ues of the
filter coefficients y, and the order of the filter Mnmay vary from

enbodi ment to enbodi ment. Equally, different coefficient values nmay be used
in the calculation of different sub-pixgls wthin an enmbodi nent.
Preferably, the b values are internediate values for 1/2 resolution

sub- pi xel s prhahy ibiCinth ; L Gl i t 1t /2
resol ution sub- S?E}gﬁélcm?lggég%gsgr@&t Ee {é%%(gé'lé%{h%meeltngﬁggﬁ??%o?nﬁ CBASEI c. 1In
an enbodi meBR0 efcodding tov et invanticaocly Be desolibiéd dndetdi- Hineeh@ o AW
di sposed horié§nt al | h respect to sub-pixel ¢, in an alternative

enbodi nent 1A eamoéf’é\%és%da ralasogcantyd levehapt thenstwo girgtdredt 20 A

final valu ; [ ' ' di yidin

| nt or medi acoafiier sl b dRReALCLANER (Gt Giof IR bhlbetimEst itk

i nt eger Snuniadwe anerpolatiop ispdritemeestal % gigell feoiufiohtd ANGR: o thed . | N
alternative enbodi nents of the_ invention rounding may be performnmed instead
of truncat iMe@hop g exiensied tocRiehFrsoleione? i s equal to scalei * 25 It
shoul d be noted that the use of internediate values b in the horizontal
direction |loads to the sane result as using internediate values b in the

vertical di I F ; al.t I f kLnte |.at.i val ues
for the 14 facufibe IGERathioh BB AR bIORES HertBAPLaRRE dfe

i nt er pol at ieorodénagdahdi depodal, buhis limplementatian rewoliditicoBpsmiradl #el S

nei ghbg ri gg t he,.% resol utli on_sub- ixielf .h 65 being interpolated. In a
first BhoolPH:ADINSS SEPaEeIKr FOUEXAMRL. IR 4 CHEPERT APERITID ty tieaiifstg ¢ he
val ues of daivp r il ab- Rikel L QS t <pikxel. h. In a
second errb%giﬁ)rrent ,e ﬁg%\faﬁﬁée) I?%ér.rmsbt'};ﬁi‘)@gﬁﬁhéfﬁsﬁﬁ%@cﬁﬁﬁ eg“%&%e;%&r(rbd?ng t he
val ues of prefoohedésts pixetiregolationt hds mozsetficidiitdo TalesabUsireSolation Pi Xel c.

It should beﬁ&pﬁr Ci %te that this provides the possibility of using
di fferent BBEHS halorerpandang '@geﬁqﬁwa ehyalugsifar Horesolusioneser-pixets inhen val ues

for sub-pi b & i ' dj aro f 4 i e pixels
A Howevere,s'(?%c‘t@e S %FA}HQ‘?'@E)&E’ZQ‘?L%P ?]}éﬁéﬁ%g{eégﬁr&s@ﬁé @gﬁ%ﬁneaf*?'m?g%ghoul d be
used k% boThist Heenibedeaffanhd of hbmitingo deenioryongaget avHi® Pkesping istenti cal
i nt erpol ation r@iul tE. Fi %ure 1[? gegi cts 4 possi bl &vchoi ces of di agonal
i nt er pol at YYRPHEIO0ALCAMREXLY ¥ Burdeq; al amacgerighle lavel In tha deopdari n an
i mage. Si npmh akhé Ger Randat BVhdeanbhe I ;
enbodi ments resul tei n simlar conp?eg'g?@%tgﬁ i?:_i\%!]dgg/é@%@hgéggén%nenbodi ment
has hi gherpiselpiT&erafore, 4t sheuld diec appracisted fthaub-pelerted endmdiment 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 interpotation 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
previousiy introduced conventions regarding the description of pixel and
sub-pixel focations.

30

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



15 cal cul ation of several internediate values. Therefore the first

enbodi nent is preferred. Values for 'A resolution sub-pixels labelled d and
g are calculated fromthe values of their nearest horizontal nei ghbours
using linear interpolation. In 20 othe words, a value for 'A resolution
sub-pi xel d is obtained by averagi ng values of its nearest horizontal

nei ghbour sVatwdsgiforlthé magrespiuteh AuBpikelé aabﬁﬁ,‘a ¥ igf ét'ﬂgir%idxﬁkr Brest
Simlarly, a value for % resol ution sub-pixel g is obtalned by’taking the
aver age of CRICYIating afdarergtediteivabim Qlusing gKtloordsr filterresoirdingan: sub- pi xel s
b and c. 25 Values for %resolution sub-pixels labelled e, f and i are

cal cul ated fromthe values of their nearest neighbours in the vertical

di rection usi | i near interpolation. Mre specifically, a value for %
resol uti onbsup, pkxék e is obtained by averagi ng the val ues of i(g}s t wo
nearest vertiical neighbours, 30 original inmage pixel A and 1/2 resol ution
sub-pixel b. Simlarly, a value for 1/4 resol ution sub-pixel f is obtained
by taking the average of its two nearest vertical neighbours, 1/2

resol utio - R ; : odi,ment of the ipvention, a value
for % resg’IV ﬁ?%o% is%ﬁés‘{)‘%}g‘?gf ?’I"ES}} %B?Qzlcﬁeﬁs,i f F%ﬁng?"e%%orf‘ﬁ'é%t“i‘?@mf ?fo that
j ust descrorigual pixeloness Acsituaitéd alunRIRrizbheld aHdPamt ¥8hi r, inan
alternative e%ppgi ment of the invention, ratr?g&ii?n con’ﬁ%ﬁémctfahk{é%@ﬁ% t est
model s TMERhAGISTAN §1gges whieh Jelinascthenedier| of theskiteat Tonssoguatiore i i s

determ ne | i .of the four closest 5 original inage pixels,
accor di ngﬁaﬁﬁ%rkgﬁrﬁ\ﬁ%g%) /4.
10
b=X1 A1 +X A2+ X3 Ag+ cc. + X1 At + XK Ak (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
fiter 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 % resolution sub-pixet b
situated at unit horizontal and half verticat location is being interpolated,
pixels A; are disposed vertically with respect to b (as shown in Figure 14c).
25
A final value for Y2 resolution sub-pixel b is calculated by dividing

intermadiato valiue b hy a conctant ennla. trismamdioe 3 $m cbdoie o0 fa
e TR oL ULy o Lunsann sLaiey, uncalng 1t 10 oolain an ll]leg&?l
number and clipping the result to lie 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;



It should also be noted that in all cases where an average invol ving pi xel
and / or sub-pixel values is determ ned, the average may be fornmed in any
appropriate nmanner. For exanple, the value for 'A resol ution sub-pixel d
can 10 be defined as d = (A+ b) / 2 oggas d (A+ b + 1) / 2. The addition
of 1 to the sumof values for pixel A and 1/2 resol ution sub-pixel b has

the effect folvahau$omtheany resslbn8ubpikdiUABEIAPR QPLLEtIng; Subsequent Iy
applied to round or truncate the val upé for %ﬁe’tcget'%eﬁégxéﬁﬁi% e@fq’i"ﬂt eger

val ue. Thi §alciatingan sregngdisimvalieiqnsiueanthuersenfidenaycbelimpe: i ed to any
of the averaging 15 operations perfornmed according to the nethod of the
invention in order to control rounding or truncation effects. It should be
noted that thgs sub-pixel value interpolation nmethod according to the

i nvention yFbﬁidysbadvantages over each of TM.5 and TM.6. 20 Ipgontrast
to TML5, in whitch the values of sone of the %resol ution sub-piXxel's depend
on previously interpol ated val ues obtained for other 1/4 resolution
sub-pixels, in the nmethod according to the invention, all 1/4 resolution

b- pi xel | from or i gipal | i xel /2 25 | uti
b pi xel e SRS, BoBtor ey o iont a2 FRresPoRdngeverier oh in

pr eci si on iniermmﬁate%m@é@hﬂdmm&dﬂm@rv‘éﬂtdﬁﬁ'r%ﬁ&ﬂ jgeeurs in TM.5 due
to the internediate truncation and clippi ng of the ot her '1/4 resol ution et

th_ nk,nls frnmtmhinh then/ nrn ..)%1-11.-01111Wat | n(Al C, Calcul ated,

does not tak CE jn thoq according fo the invention. In

parti cul ar‘:a ﬁlé%?}r?%ngg’g%ﬁgﬁr‘egg@&] %'”A BY M40l ution sub-pi xelld2h (and
sub- pil@el The wahme crthedilerRbeflicide yi ANE Mhé ' | j agonal |'y
in order to reduce dependency on ot hg‘r % [?)i xe %’aéfgnh I%ﬁrﬁ@r@%ﬁ?’%@t he

met hod acd&igfgbedimant torgebedisient: Fqualigitiffersint cabfideaiti \amsey
t her ef | ired to 67 obtai |
for those 1, fsBUCIne baRLRABRCOF diieRE bubebis i cn combedmsated w th

TM.5. AddiRreterablyy the bevataé sfelritemadiavaldes 50Ueiss utiBHbs'JP;:-&i%! val ue
requires %"&H er of calculations which is substantially simlar o the
C

number of | 3 GRROs BYEteticallyavith resnechty Yordralution esippikel en 5

sub- pjxel gual H& 1T, veofl QeSlLf uatl o re.the r ired 1/2
resol uti o_r? sub- pi xelcﬁlsa%lgggg' @deﬁ%roefa y@B@‘JSf ?’a@"'e% gn odigent I?Zagebeen

cal cul at ethvgstione-thant®, resaiutiomis rb-pib(ei@abcuk@tdimg@qwriﬁgﬁtﬂg @vPﬁer pol at e
a'A resolql%ti on SUb-lFi xel value fromthe pre-calculated 1/2 réesolution

sub- pi xel "TREGE0; SURIXEd heina@n: allerhative erabodiment | they owe disgosedd t o

cal cul at evartivallf withespdetigsabliikar, sub- pi xel val ue from the available 1/2
resol uti on sub-pi xel val ues.

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 result 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

as using iniermediate vaiues 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 line

linking %2 resolution sub-pixels neighbouring the % resolution sub-pixel h



In conparison with TM.6, the nethod according to the invention does not
require high precision arithnetic to be used in the calculation of all sub-
15 pixels. Specifically, as all of the % resol ution sub-pixel values are
calculated fromoriginal inmage pixels @ 1/2 resolution sub-pixel values
using linear .interpolation, |lower precision arithnetic can be used in their
i nt er pol at iRGHIg CBiyBalatert.| ) A rfirelarcdnbodimenp emeales | BRSs@-phiaf t‘gygenti ve
met hod, forC g:mﬂ%éebi :}gan AS QQ% |l ication Specific Int egrgt ed Crcuit),
the use of B0 1 ower HrYE[AIG e Ot thedweed: ragolntiabesubepixelsnponent s
(e.g. gatesgloseaato 1ni iop of I A reso|ution

sub- pi xel val ues. %Fsp’@nm?ﬁ%gg?% u%@?@éggbﬁ g?ﬁleafcgél@'p§ﬁ| fiddn t hat

must be de@ilcsiaded thy avesagingdhe vhhtesasf tho ulddean o [ Q0 Q
in fact.,, | A resolutjon sub-pi xelpéﬁéaggﬁgl%éi%ié

b- pi xel N t
eub- B: o1 STiotiart sulepiked e dursboyles e Pppreniatedy simtagss ppavidied thy t he
i ti i il i t] A i i f.i t. .| ft
ot ot ab Potey [ el paiftoai babbnd] 31 diadaRh ithenaonagia ne

standard i determiute the edtesforasupepirels| h RIthPOSR :%?mn%g%}t&iﬁhré?ﬁ UG Uni t)
i eenr), reduction 1 n the preci'sion of

or using a P. (Digital Signal Prnn

the arith t?c'"ﬁ"@%iw@&; 35%39%?%;. lileghauidoalan BO reatisexhdkai the kanepeed at
whi ch t he i i LS is.particularly advant ageous
' | ow costo omnBbh ShaueAR: Beed R bahTRF enbaid af B teptidue adgeeer a

pur pod@ CRwoHuc édertticahinderpofatiom rebulsS! Figurets H@gd@hﬁ?&%}&?ﬁ?{g\%’i% to the
t .

i nvention 0Br@vi des, still further advantages conpared w
r

ment i oned lga808] NterpRiation Ecsfepixgly 1 I edjacsht tdreups afuly- pikeste!
Ll pre . . Ay et oot ke db
001 WO SRIERS, St ¥ Bt e b

recei ved notion vector informti on.

val ue of gndadipients rasulinyins simiparx etorhprabior 6RiBIdAR _Cai]-ﬁPI %teggn&ml th t?—ﬁ
ated val ue. The

m ni mum n .of eps.that result in a correctly inferpo
met hod ac%ﬁ?oiédr@epihﬁﬁﬁim Pty §{ﬂ0§é‘s'ikﬁtﬂaﬁol&ébabb+pi£ql.c teguirest i oned i n
the des ai batbuliepr ditdevenalnttenhe@meDales. HéelGRb 8l EBaRlas): ¢ can Pe

interpolated by filtering in either the vertica

di rect i onPrafa@edane val ue being obtained for c regardl ess of whether

hori zontal or vertical filtering is used. The decoder can therefore take
advantage of this property when cal cul ating values for 1/4 resol ution

sub- pi xel ¥aluesrfor ¢4 rdschuidn SUNPIKCRS IbRIIGH &&? éﬁc&ﬁﬂﬁ%q gr]:)n?o iy at lons

required ir] ordef\r to obtain the required value rexanp he
decoder 14'H@% A 1BeIr NaAestehorronglr peighboursnusing-lirieee| inferpdialon efo! Ut i on

sub POl e Yt VIR LA B SASEBTY evbrbing ool o

required for %resolution sub-prXx

val ue forvalues of lits hearezb hbakomtal AsighBBurs! Hgind n%‘qur ' be said
that the rret@gd accordi rg}eto t he inr\gent ??ﬁ%&%'ﬁes gg%ﬂ H"gja?zn t he way

i n whi ch TPEPHEGNPUD-BL| e Similariyo ackalugi for' % resalition csubspikebigxi! s. No
descri bod Tansdil ek Hid Rlerefle H. Wi ReaS] norionty neighamrene for
cal cul at iregolstibn subgibelswbiandig to ' A
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 o js
obtained by averaging the values of its two nearest vertical neighbours,
30 ornginal 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, V2 resolution sub-pixels b and c. In an embodiment of

the invention, a value for % resolution sub-pixel i is obtained in manner



pi xel resolution, while in the second, the nethod according to the

I nvention 25 is extended to the cal culation of values for sub-pixels having
up to X pixel resolution. For both enmbodi nents a conparison is provided
bet ween the conputational conplexity /gburden resulting fromuse of the

met hod according to the invention and that which would result from use of

the i nter pahartican i e ' T, Lp.edui val ent 30
ci rcunst ances. The pr{tﬁg%r g%&ge}[ g&&n%ﬁqg%r%n?ﬂ Er%%’?éwﬁ'gﬂsﬂﬁ?%‘?‘?@f-s at %
pi xel resolHmvwaverwirl Bnbaltetostivé leenbadiment eff ahenineehVorti gvd 68 dbmon4b and

14c. In the, 69 following, it wl e assuned that all imge pixels and
final inted 2’?%0“ d%% Wdegn%b%ﬁﬁﬁel@daﬂéﬂkﬁpp@é@ﬂséd CWgStCﬁged,bi‘zés.
Cal cul atio ] < tid @n i xel s ' I ni.t _horizontal and
unit 5Svert F%S?ICM o'%glt.llsmé{a'nﬁ P?@ﬂﬁﬁ%&ﬁgﬁ% é{ﬁé%?d%t(uatf’? @Hf'tcﬂ’ﬁﬁsﬂi cal

| ocat i dns. ofiginAl Wedgeepikels, kbeordifty 0 paekAstANA fi2ypiyt horizontal and unit

vertical location, that is 1/2 resolution sub-pixel b in Figure 14a, is
obtained by first calculating internediate value b = (Al - 5A2 + 20A3 +

20 - 6 ' ' I xel 6 i ch
Si fﬁat egAa%t %md %%IOR%? }A}g%qg*&gﬁd&& ﬁ%‘gg%i\'ﬁ‘?quéﬁ)‘(“e |a§8§ﬁ%of{§f0ﬁf.ﬁ%\ﬁ?xk§r ? Lg

row or theasdl omsubfpixielisescisndatenhitgdDd tid dvishi &ftﬁ&?
symmetrical ly about b, as shown in Figures 1l4b %@?@L |na{;g e\l/rz];\)f ue for
1/ 2 r esol IRRPRIAPEAS-TPRRBET. FoF §XaaiRie thes@lusfari4 resaytion subkpixed dtden oper at or

/ den S i VLE) 140 Aar ' e nesult i lipped.to lie in the
rangeqPS, %?Fﬁh%@a&q Etﬁt\a{tji%gztéogpii? EL r(ésf)?)u ﬂé?%&?ﬁ%ﬁaéﬁ e iQ t unit
hori zont al thersinh @k Valueistiow pixel @ednd 0F aédlifon SubpHixdt i 'Bas Phe ChBcEYP- Pi xel
at half unit horizontal .and half unit vertical location, that is "1/2
resol ut i orf§EIGAMeIoWnding ef Jupeatiooperation) silbiseqeanty applied to round

or truncate the value for d to the next highest integer value. This is true for
any sum of integer values and may be applied to any of the averaging

15 operations performed according to the method of the invention in order to
control rounding or truncation effects. '

it shoutd be noted that the sub-pixel value interpolation method according to
the invention provides advantages over each of TML5 and TMLS.
20
In contrast to TMLS, 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 TMLS
due to the intermediate truncation and clipping of the other % resolution

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 V-
pixels. Furthermore, in the method according to the invention, the number of

calculations (and therefore the number of processor cycles) required to



20 = (6/ - 5132+ 2063+ 2064- 565+ b6+ 512)! 1024 using the internediate
values b for the six closest 1/2 resolution sub-pixels which are situated
in either the row or the columm of sub-pixels containing ¢ and which are
di sposed symmetrically about c. Again, gpperator! denotes division with
truncation and the result is clipped to lie in the range [0, 2551. As 25
previ ous| y OBJ@naa Nale fesithgse it eeswidiian eusaliugs ib trﬁ@rdetcbdé??s%tfl{c% .

u as using

sub- pi xel s ' e .hor | tal direction | eads to the sane res

i nt er nedi ap@ﬂ{ﬁéf%@gw@\ TMUR Gauicsialyi e calpuiting|cf anyi ¥ raselutient sutsl

di rection. pj i ; I Ml i 0 dnvention, the direction
f or interpgﬁggj??llgbrlr/e gulrngggl mrﬁgﬁﬁg‘ﬁ -i‘%lﬁgg?is th@?ﬁ%%gﬁé%@gﬂy St dPng to a

30 pref er thed nuoderoéf calpliatiens akioited 110 @et@ﬁﬁmén?‘%ﬁépwg kbR .
invention, the.direction for interpolating sub-pixels bis cﬁosen accordi ng

to which, PYDRIP! alue .o Mgrgr sBRCileAlypi iReR sswationbwhiene etheorequécbdisi ng t he
I't obt gidaas: i i -pixel .c. 70 Calcul ati f %
Fesol ut i on"Sun T EpBTRECTAME B kB BYalEin of-Gntbeln Ve cherral
| ocat i ons; calcylatpdabelereaind, tes hamibealof @aréulhai:ohs%' bird&td iirft@h)cll&%a%i ons;
(0] and 1V

i) unit orian.taI and quarter unit vertical | t1ons; alf unit

hor i zont al AS%&SQUYQRrSUY Pixsl valygrfromdhel reatalanatedsys reabhsiont Sub-Pixeesol ution
sub- pi xel ey t t it hprizontal and unit vertical
Pl o e id 41 il a AL hitpBPoh BRI pafio fQicaipiate aimar est

| ocati ons are cal cul ated accor

ori gi N8l iothge Ypreselutidnasub-phel ehloeasémife’ i ' B Lp the

hori zont al ?i rection. Sim |l grl y, val uesﬁ}ﬁgﬁ%ﬁéﬁl&%&eﬁ?@%{%h% @ﬂf%[]pi xel s

g, situat é@¥S-quarter unit horizontal and half unit vertical |ocations are

cal cul ated according to g = (b + ¢) /2 using the two nearest 14 resol ution

sub-pixels in the horizontal direction. In a simlar manner, values for 1/4

resol ut i onn SepAETceNswith “rsmta,aaheoknethcsm'az:cdswfarrigztm%n/?ial ir@%flt@H%{ote%gn&ni t
€ = +

vertical |ocati ?‘ngﬁl are calcul ated accordin usi ng the

nearest of PEIFRAINIHRECHIPRANAMENS tonbe wseskin the zalosdation pbmilsstub-pi xel b

i n thesvempi)aalssl {,0 1 solut i -pi xel s f, situated
at halg? ugfﬁeﬁ‘ﬁ?@fgﬁﬁlﬂly g?]g}(?&gﬁ ejr %Sr??{?t[o\?‘egﬁ%kgpya@%%5%5‘:’??%’%199& erm ned
fromf = {iom- asigival dmagen@ixeie arwe nesuletion blbrsissll values §siAgPingdly in the
vertical ¢j ,on. ,Iln all cases, operator / denotes division wt

20t r uncat b Eoi R, 1ol RSSO r%ﬁgﬁ@ﬁ'mﬁfs 08-Yiedeins thair iermotatiami t

hor | zont aConsdqgertly, ih Madwae iighainehRABRECEK the invbrifB! WDl ol

resol ution sub-pixels h, situated at quarter unit horizont
quarter ufkaMplky in aa ASlCalApplication Speaific dntegrated aCideuiy), tthe huse 61 + b2) /

R L RN I
Sohge o' Rt emien e akalhgbe of e bh LAl s, 2 1, |
oper at or ThigeKbilB, tducosdhevpyaiall ager af isticon 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 illustrated in Figure 14a),

25 the advantage provided by the invention in this respect is particularly
significant. In software impfementations, where sub-pixel interpolation is
performed using the standard instruction 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.



71 An analysis of the conmputational conplexity of the first preferred
enbodi nent of the invention will now be presented. In the encoder, it is
likely that the sane sub-pixel values will be calculated 5 nmultiple tines.
Therefore, and as previously explained,,the conplexity of the encoder can
be reduced by pre-calculating all sub-prxel values and storing themin

. Hovgye | i OR inCr: : by a | in. |
the preferray St aseriol e B AR Bavles S nskoh abentgasoeur acy
s %pi xel comyprativath TMLSOWs mbatidiesd pRUGSIAN N Hobbabr 4 NS/ 0N,

e

storing pre-cglcul ated sub-pixel values for t ole 1nmagé requires 16
times the ﬁ%‘?raﬁf%a'ﬁﬁlrfé‘éﬁm@ﬁ%tsdﬁéutfﬁ@abﬂhgigh.@ln,timennamee,rmlt&m@ ismage. To

d | i b- pi xel i nt er pol at ed
et or o- hand ieaie by S ecdtidn | SRloh | YErar CilofBatorc Theiaioren. dornd. ¢ hat
s, only waenantageonsdf iredatie 6CE0HEH-pYel f hpgt%&ggbﬁcaﬁiﬁﬁséagh{agvem i on,

on-demand i nterpolatjon of values for "A reso ub-piXxe
requi res | FAEHIated Wit dhat mbrimuna mumber ef cteps dhas ubsylt el $.cdrriétiyt i mes

the origin ' e is required to store the pre-calculated 1/2
resol ut i onFHst'T“]@I-Ogélt)%i I‘é@g}gg—éeoﬁ]%}’@ytﬂq’gr P8 lRethes éneptiop pegyidesethist hem 20
However, i éapdtsiliyares shemticrdd M tReed | @8dBtiBh! prdbi hut Lo
sub- pi xel s u‘gi ngt?bef or ehand i nter pol a’fgti%gﬁaigéélﬁﬁgsbnprc&gﬁj{egjz%bﬁgﬁ’ \%t h the
direct i nt &SN SP-pdekawasfbearMterpaldted infitteringeinditremng Verral epse to 9
times e ui.red. to re the original non-interpolated inage.
Thi's rI?;uI S é%zérﬁ%eﬂi:?e:%@k I@% %quea?@'@fa 'l?é%é’fbt@f’e@ifpé Ciiegpedtiess ofl to
stor e t he Whethe? Shaqizenti @vdric & fiRGindt ' ] each 1/2
resol ution sub-pixel in TM.6. In éddi"t@i %nyg‘%ﬁp%%?r%%’%ak 3%%8}/\4“%[]?59& xel
i nt er pol attA6R vaniagensfitbis penentyt wbeni caltilgting viatugBVIGT, Vs rewtutegal | ng and
clipping . e f r ry, .1/ 2 .and |A sub-pixel location. 30In
the foll ov%g?&te L%ef g@éﬁog{?@ §fw$%§35 pTEiEe b};ﬂ QmMbier &f mpesatians met hod
accor di ng requirbé in ovderttoosbtalnhbe replrb8 Yallbsd PY 0 | ar ed
W t h hgat of the interpolation s_chgrres _uged i rf‘d{%&%ngﬁ% tﬂﬁ%qe‘?ﬂ@%ﬂghout
the andl ydPOUERST arvatug fasnié reselulian sybwrixel ft Hatesolutioacsubrpixebd shibeld 72
i nt er pol ahfm&h %S he.penformed usi oply the m ni num
number of el et HeEvEa aeth. 1 aElod IS Tl for Dotesldien 11t <
further aswbrpigelgat issadvamegbout i intewotaen edivenfor PICge gganner,
that is, ipnternediate values comon for all the sub-pixels to be
i nt er pol apggc{zg'n.a nus, 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 TMLS.

Two specific embodiments will now be described in detail. THé first
represents a preferred embodiment for calculating sub-pixels with up to %
pixel resolution, while in the second, the method according to the invention
25 is extended to the calculation 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 o the invention and that which would result from use of the

interpolation methods according to TML5 and TML6 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



5 particular N x Mblock are cal culated only once. An illustrative exanple
is provided in Figure 16. Referring to Figure 16, it can be seen that in
order to calculate a 4 x 4 block of 1/2 resolution sub-pixels c, a 9 x 4

bl ock of 1/2 resolution sub-pixels b igofirst cal culated. 10 Conpared with
t he sub-pi xel value interpolation nmethod used in TM.5, the nethod according

to the indoltdwinghatswil bevessurnepuhat efnialagO B Idnd Tk the Jphbgui ng
reasons: 1. Pnli e the sub-pixel value interpolation scheme used rn TM.5,
15 accor di N§U&S OheUbPIRbatk represeied mihoBrbita. val ue for 1/2 resol ution
sub-pi xel ¢ can be obtained by filtering in either the vertical or the
hori zontal direction. Thus, in order to reduce the nunber of operations,

1/ 2 resol uQatcuistidn pif xel rasofigidbnbeubMianpaiia ¥ Nydih ' djrection if
a value_for %resol ution sub-pixel ?ﬁi S reqﬂ?ﬁ%‘gmﬁtdﬁpﬁgérﬁgp%bpi %’ﬁt al 20
di rectidn vertigaligcationpandily wribhafizemakamd pai einitpiexidal dpdzgionequi red. As an

exanpl e, Fikg 7 | . 4 reso] ution sub-pixel values.that nust
be cal cul a’lt1 'e% ?’ﬁp"&@E?ﬁ\?Sa#'ﬁf’éé}f%'é?‘é'{*&fv'ah%@mefaﬁ¢ Hnfaeslical feaatigtb- pi xel s
g in an i magahdl ¢sksdefsongidnbyul- rihgi i € ;i kLS HSHN G Lhe

i nterpol ati on nmethod of TNLg (tléi gfﬁeg €7!2) Fg@cqeugia%'g ’%h@%@?ﬂoh?g@ggccor di ng
to the inventi@vigtingintermetigte valueth s @anphe + POA; sUPOA) xglA; vahme

i nterpolation d r di t.o TM.5 requires a total of 88 1/2

resol ution sd‘gf%f gg% ¥g@§8bog tﬂ%t%ﬁ( Ml\éh? 4o qmeiewﬁﬁé et pibinted @rudiing to t he
i nventiigon r egriteatal Badasicyw @t cafiod? in i | -Rlxel s e As can
be seen from Fi urg1 17D, z;ccordi n.géctﬁgorz g‘y;%},‘@gﬁﬂ‘%ﬁé‘ﬂ%@'ﬁ?e@%{fﬁp. n

30sub- pi xel sP@‘ei? sontaining &1 andawhightare dispozedtsymmetrizally @boun boder to
reduce the n 0f, l.cul,at reguired. 73 2 According to the nethod
of the i nven"tJl ﬁgﬁh @)Fri@grgg 3{1 ?o%{?dgzﬁg'diﬂi@??ﬁa‘u? fgéil"% W%ﬁﬁ'é’éﬁb?“%'pﬁ@hb

i nterpol ati ois Eaiootatdcbas b +c1§)sLS2 wirirgh ' / | - pi xel s
in the diagonal directi o\r(}? Th?sr espectr_i VEQ‘;}H r;dtggtroi/o ern‘%f%! lt;lfglssg u?"lﬂgn

sub- pi xel st HHbcaEan- The reavitis ¢lippgdita lieriddhe rangd{(qiassh val ues for 1/4

resol lfgi on sub-pixels h within a 4 x 4 block of original imge pixels using
t he sub-pi xel val ue interpolation nmethod according to TM.5 and the net hod

accor di ng Galculation wf datriesalution sutopReisnafhal @5t h8An@NAnd 34N unit
respectivel ¥t ing the nethod according to TML5 it 1S necessary to
i nt er pol at& !fahﬁ%%‘ OB%- 56 '1/2 resol ution sub-pixels, while 10according to
the methog of JdiGeifBY s iseB-pikel il WL SHP AR Goif ettica
resol uti on sub-pixels. TabPem%e’sﬁtmrf'?gﬁi (;@'g qﬁgggﬁo%cf?’@gnﬂwéﬁe}é% of the
t hree sub- pilgeatiamitbat isrit cegalution subpite) edin Figoed 48458 ddufatelitatc accor di ng
to TI\Q&S, t he %re%tb .
={Dy - 5Dz + 20D3+ 20D4- 5bs+ 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 resuit 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 t
for interpolating ¥2 resolution sub-pixels b can be chosen according to a
30 preferred mode of implementation. In a decoder according o the
invention, the direction for interpolating sub-pixels b is chosen according
to which, it any, % resolution sub-pixels will be interpolated using the

resuit obtained for %2 resolution sub-pixel c.



15 interpolation nethod used in TML6 and the nethod according to the

I nvention. Conplexity is nmeasured in terns of the nunber of 6-tap filtering
and linear interpolation operations performed. It is assuned that
Interpolation of Y resolution sub-pixeh i is calculated according to i =
(Al+ A3 + A4 +2 ) |/ 4 which is bilinear interpolation and effectively
conprises two 20 linear interpolation operations. The operations needed to
i nterpol ate_ sub-pi xel values with one 4 x 4 block of original inmge pixels
are |isted $YFUBHER @ff Yt Ipsohsion guippixels abiiquastes wikit bbrizéminl astvent ence of

et orrimg' 10 SRR PRI b BRI R Pedthallidgfions: hmmge

pi xel A andiritdserizontsl &h@quatdiBurd! efihr RIckBdnd: 0GRt ?vﬁp’ﬁ%%fe&rﬁﬁ%rji%t gei s the

| ocation of %resolution sub-pixel i. In order to co e aver
number df @REr@HarIRILNIL vartigaltleeationssuned that the probability of a notion

i1 rdt e oV AER ERGH By SuptiRes € SiblpahatArier ung Raoway | e
Ll oo 1 LI Mep et SR RO 0 £ g3y 22
30l ocation. wing the memesinoaginal éndge poxk!l A rered the closest % resolution
sub-pixel b in the horizontal direction. Similarly, values for % resolution
10 sub-pixels g, situated at quarter unit horizontal and half unit vertical
locations are calculated according to g = (b + ¢) / 2 using the two nearest
Y2 resolution sub-pixels in the horizontal direction. In a similar manner,
values for % resolution sub-pixels e, situated at unit horizontal and
quarter unit vertical locations, are calculated according e = (A + b)/2
15 using 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 iocations, are
determined from f = (b + ¢) / 2 using the two nearest % resolution sub-
pixel in the vertical direction. In all cases, operator / denotes division with

20 {runcation.

Caiculation 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 iocations are calculated according to h = (by +
bs) / 2, using the two nearest % resoiution sub-pixels b in the diagonal
direction. Again, operator / denotes division with truncation.

5. Avalue for the % resolution sub-pixel labeled i is computed from i = {Ay+
30 Az + Az + Az +2) / 4 using the four nearest original pixels A. Once more,

operator / denotes division with truncation.
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An analysis of the computational complexity of the first preferred

embodiment of the invention will now be presented.

In the encoder, it is likely that the same sub-pixel values will be calculated
multiple times. Therefore, and as previously explained, the complexity of the
encoder can be reduced by pre-calculating all sub-pixel values and storing
them in memory. However, this solution increases memory usage by a large
margin. In the preferred embodiment of the invention, in which motfion
vector accuracy is % pixel resolution in both the horizonta! and vertical
dimensions, storing pre-calculated sub-pixel values for the whole image
requires 16 times the memory required o store the original, non-interpolated
image. To reduce memory usage, ali Y% resolution sub-pixels can be
interpolated before-hand and % resolution sub-pixels can be calculated on-
demand, that is, only when they are needed. According to the method of the
invention, on-demand interpolation of values for % resolution sub-pixels only
requires linear interpolation from % resolution sub-pixels. Four times the
original picture memory is required to store the pre-calculated 1% resolution

sub-pixels since only 8 bits are necessary to represent them.

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
precision intermediate values associated with each % resolution sub-pixel in
TML6. 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 ¥z and % sub-pixei iocation.

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 TMLS and TMLS. Throughout

the analysis which follows, it is assumed that in each method the



0 16 0 16 2,4,5,13 16 16 0 16 16 16 11 0 52 0 52

10

15

20

25

30

72

interpolation of any sub-pixel value is performed using only the minimum
number of steps required to obtain a correctly interpolated value. it is further
assumed that each method is implemented in a block based manner, that
is, intermediate values common for ail the sub-pixels to be interpolated in a
particufar N x M block are calculated only once. An illustrative example is
provided in Figure 16. Referring to Figure 186, it can be seen that in order to
calculate a 4 x 4 block of ¥% resolution sub-pixels ¢, a 9 x 4 block of %

resolution sub-pixels b is first calculated.

Compared with the sub-pixel value interpolation method used in TMLS, the
method according to the invention has a lower computational complexity for

the following reasons:

1. Unlike the sub-pixel value interpolation scheme used in TMLS,
according to the method of the invention, a value for % resolution sub-
pixel ¢ can 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 horizontal
direction if a value for % resolution sub-pixel pixel g is required. As an
example, Figure 17 shows ali the ¥ resolution sub-pixel values:.that must
be calculated in order to intempolate values for % resolution sub-pixels g
in an image biock defined by 4 x 4 original image pixels using the
interpoiation method of TML5 (Figure 17a) and using the method
according to the invention (Figure 17b). In this example, the sub-pixel
value interpolation method according to TML5 requires a total of 88 1
resolution sub-pixels to be interpolated, while the method according to

uires the calculation of 72 % resoiution sub-pixels. As

can be seen from Figure 17b, according to the invention, % resolution
sub-pixels ¢ are interpolated in the horizontal direction in order to reduce

the number of calculations required.
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2. According to the method of the invention, % resolution sub-pixel h is
calculated by linear interpolation from its two closest neighbouring ¥
resolution sub-pixels in the diagonal direction. The respective numbers
of ¥% resolution sub-pixeils that must be calculated in order to obtain
values for % resolution sub-pixels h within a 4 x 4 block of original image
pixels using the sub-pixel value interpolation method according to TMLS
and the method according to the invention are shown in Figures 18(a)
and 18(b}, respectively. Using the method according to TML5 it is
necessary to interpolate a total of 56 % resolution sub-pixels, while
according to the method of the invention it is necessary to interpolate 40

¥ resolution sub-pixels.

Table 1 summarizes the decoder complexities of the three sub-pixel value
interpotation methods considered here, that according to TMLS, the direct
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 = (Ay + A
+ Az + Ag+2 ) / 4 which is bilinear interpolation and effectively comprises two
linear interpolation operations. The operations needed to interpolate sub-
pixel values with one 4 x 4 block of original image pixsls are listed for each
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
016 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

5 sums calculated for each sub-pixel location and the single full-pixel

location.
T™LS TMLS Inventive
Method
{ Location finear. | 6tap | linear. | 6-tap | linear. | 6-ap
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1 0 0 0 0 0 0
3,9 0 16 0 16 0 16
2,4,5,13 16 16 0 16 16 16
11 0 52 0 52 0 52
7,15 16 52 9 52 16 52
10,12 16 68 0 52 16 52
6.,8,14 48 68 4 52 16 32
16 32 0 32 0 32 0
Average 19 37 2 32 131 28.26

Table 1: Complexity of % resolution sub-pixel interpolation in TML5, TML6
and the method according to the invention.

It can be seen from Table 1 that the method according to the invention
requires fewer 6-tap filter operations than the sub-pixel value interpolation
method according to TML6 and only a few additional linear interpolation
operations. Since 6-tap filter operations are much more complex than linear
interpolation operations the complexity of the two methods is similar. The
sub-pixel value interpolation method according to TML5 has a considerably
higher complexity.

The preferred embodiment for interpolating sub-pixels with up to ¥ pixel

resolution will now be described with reference to Figures 20, 21 and 22.

Figure 20 presents the nomenclature used to describe pixels, % resolution

sub-pixeis, % resolution sub-pixels and ¥ resolution sub-pixels in this

extended application of the method according to the invention.

1. Values for the % resolution and % resolution sub-pixels labelied b, b2
and b? in Figure 20 are obtained by first calculating intermediate values
b' = (-3A¢ + 12As - 37Az + 229A4 + 7T1Ag - 21As + 6A7 - Ag); b = (-3A; +
12A; - 39A3 + 158A4 + 158A5 - 39As + 12A; - 3Ag); and b® = (-As + 6Az -
21A; + 71A4 + 229A5 - 37As + 13A7 - 3Ag) using the values of the eight
nearest image pixels (A 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 vaiues



37 2 32 13 28.25 Table 1: Conplexity of 1/4 resolution sub-pixel

i nterpolation in TML5, TM.6 and the nethod according to the invention. 5 It
can be seen from T Table 1 that the nethod according to the invention
requires fewer 6-tap filter operations than the sub-pixel val ue

I nterpol ati on nmethod according to TNL§ and only a few additional |inear

I nterpol ation operations Since 6-tap ?ilter operations are nmuch nore

conpl ex than 10 i nt a C the two
nmet hods i s si ‘h1 ?ﬁ‘é %Sog&? aC?QT%%%{eﬁ% Ar’ pol & Pifrgnr%rrgtyﬁ%détacc@r ding to
TML5 has a coma@or@m Yedpeghes 16 oagdletiart yub-pixels bTlandpn’efFénal edluesbodi ment
for interpolating sub-pixels w up, to r.esaol ut now be
descri bed wi thlséPé&“@ﬂﬁ:E’xt—é i a@%y@e'a‘%ﬁ%ﬂd@ﬁ }:’ %%é}o%g’gents t he
nonencl at ure 893 4 %g%ﬁéth @éﬁ‘cﬁé§ dihidn’ KR! M&mémsoﬁubrml X&ug, isl/ 4

resol ution su -pi xel's X resol ution sub-pixels in this extended

appl i cabi on oflippled tmbemmea@@cecﬂ@ mpHo the invention. 201. Values for the
1/2 resolution and 'A resolution sub-pixels |abelled bl, b2 and b3 in
Figure 20 are obtained by first calculating internediate valyes b'= (-3A1 +
12A2- 37A3+%. 299Rés fdrlthASs re@2didon-abd\ 74 fesféﬁl.)t;orbﬁjb p»c@i&ﬂabeimiﬁd hi89A3 +
158A4+ 158A5- 39A6+ 12A7 - 3A6); and b3s ( ; ;- %}g@ Z&éﬂ + 229A6 -
37A6 + 13A7 - 132 aigﬂﬁGUia«S%d@aF@fé’ﬂ*%iP%e(é% ht Y2b) - §7b% 29bf

71bi - 21b] + 6b] - b] + 32768) / 65536, ¢? = (-3b] + 12b] -39b] +
10 158b] + 1580, - 39b, + 12b) - 3b + 32768) / 65536 and ¢ = (-b] +
6bi - 21bf + 71b] + 229b! - 37b] + 13b] - 3bj + 32768) / 65536
using the intermediate values b', b° and b’ calculated for the eight
closest sub-pixels (b to bg) in the vertical direction, sub-pixels b/ being
situated in the column comprising the ¥2 resolution and % resolution sub-
15 pixels ¢! being interpolated and disposed symmetrically about the ¥
resolution sub-pixel ¢2. The asymmetries in the filter coefficients used to
obtain values for sub-pixels ¢" and ¢ account for the fact that sub-pixels
by to bg are not symmetrically located with respect to % resolution sub-
pixels ¢! and ¢®. Once more, operator / denotes division with truncation.
20 Before the interpolated values for sub-pixeis ¢’ are stored in the frame
memory they are clipped to lie in the range [0, 2565]. In an alternative
embodiment of the invention, Y2 resolution and % resolution sub-pixels ¢’
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.



25 nearest inmage pixels (Al to As) situated at unit horizontal and unit
vertical locations in either the row or the colum containing ID, b2 and
b3 and di sposed synmetrically about 1/2 resolution sub-pixel b2. The
asymmetries in the filter coefficients used to obtain internedi ate val ues
75 bl and b3 account for the fact th? pi xels Al to A8 are not
symmetrically located with respect t %14 resol ution sub- pi xel s bl and b3.
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6b - bA + 32
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229E4 -537N act 82768)1)/; DBIP3UisgHY dirb&idroasesticiihanyal ues bl,
b2 and b3 cal cuﬁ fOféor*('Phg el}g t cl oses%t@ésub-pl xels (bli to b8i) in the

vertical di renﬁermrlatlwub?fp@aéhs i reeolulipnsi sulnpizel |"ﬁ| ghdirdoPRfa @S npri si ng

the 1/2 resolution and I A resol utjon sub- r pol at ed
and di sposed WW?PE&?"I %%Hetﬁmme 9’?‘@?6”& "eﬁj subgg 'Ergsffené&‘ The
asymretries ifethBg {i i< Ridiceeed fin Higuves2 UadvaResbibai 1 ne&biumanfsnlb sub- pi xel s
cli and c3 accountfor the fact that sub-pixels to are not

symet ri cal I w:xmmtaﬂemg bra eslpglated actoxdingstol @iti Bn+s3H- pi el 4- 851 and 03i .
Once rator / deno Lyl slon | t he
interp at ed ‘ﬁ?%soqed?t% bSS?Sg:tgPs (‘fﬁ'oé'\rlvg}'tgt %{Jegdlﬁ%h Qﬁ rf%ltggrfaﬁgﬁm t hey
are clipped tgnmbddimient tdietharngeetion, Z@bmalﬁﬂr mfaf&cbrtnaasvercéatledl mant of
the invention, [/2 resolutign and | sol utjon Ixels cu ar

cal cul at ed udneifor 2 aFPraRAIEEGERICa ﬁé‘ s “ﬁ@ef ﬁ?@ﬁ?@o‘?ya{”zer{?giaggg bl ,

and b3 in thg}/hﬂis'oﬁﬁﬁha&ulﬂbfx%ﬁ;tf@@m fnddar Medrpemtib@rfrof reseisolution
sub- pi xel s | d&BelTed d are cal cul ated using |inear »
sub-pixels b, that is, according to the relationship f = (3% + b% + 2) / 4.

15 The b? sub-pixel which is closer to f is multiplied by 3. The diagonal
interpolation 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 nixel value interpolation to % pixel resolution
FF R LN L o A Ad Pl(\v- L RV Ly LA RS h

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



I nterpol ation fromthe values of their closest neighbouring i mage pixel,

1/2 resolution or A resolution sub-pixels in the horizontal or vertical

direction. For exanple, upper leftnost X resolution sub-pixel dis

30cal cul ated according to d = (A + bl + 1)! 2. As before, operator /

I ndi cates division with truncation. %2 4. Values for g resolution

sub-pi xel s | abell ed e and f are cal cufated using linear interpolation from
n.sub-pjxels in

t he val ues of i resol %.r esol ut.i

t he I0I| agondief ﬂfer'%%qg ?cﬁo p eSL*gf Prrieﬁ@’”i'%n il q%(ﬂ" AoPér 1 ef t nost
pi xel Xre 1+ bl +
1) / 2. Th?%:’l“%%cg%gﬂb& 92?(54’ %eﬁ1 hii'ybe ﬁétia@b t he |E§%rpo%§% %otﬁkél? each X
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2108) Vi GG EouiS: 78BHE ) TR, BBl el 8 SREP 4 00 ai ng
to g = GA tedeldfion Sd/wd res‘kﬁutlon sub -pixel values. However, if the direct
interpolation method according to TML6 is used in the same way,
intermediate values for the ¥ resolution and % pixel resolution sub-pixels
must be stored. These intermediate values are represented with 32-bit
precision and this results in a memory requirement 64 times that for the

10 original, non-interpolated image.

in the following, the complexity of the sub-pixel value interpolation method
according to the invention, when applied in a video decoder to calculate
values for sub-pixels at up to ¥ pixel resolution, is compared with that of
15 the interpolation schemes used in TMLS and TMLS. As in the equivalent
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 block

are calculated only once.

Table 2 summarizes complexities of the three interpolation methods.
25 Complexity is measured in terms of the number of 8-tap filter and linear
interpolation 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 pixets, 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 operations, it has been assumed that the probability of a motion

vector pointing to each sub-pixe! position is the same. The average



10 always, operator / denotes division with truncation. In an alternative
enbodi nent of the invention, hereinafter referred to as 'preferred nethod
2', conputational conplexity is further reduced by interpolating X

resol ution sub-pixels f using linear interpolation from1l/2 resolution
sub-pi xel s b2, that is, according to the relationship f = (3b2 + b2 + 2) /
4. 15 The b2 sub-pixel which is closé® tof is multiplied by 3. The

di agonal interpoLatjoR schenme used, i.n égns alternatiye e odinentlof t he

i nventi on iEraBXBtiEdNyH e ByAaIL § B)e_ AU a‘éﬁj\lf o Y BREbdi ment s,
di fferent QB&QRﬁ@&miﬁ&ﬁﬁ@ﬂé%ﬂﬁﬁﬂmaéﬂﬁ%ﬂ$ can be envisaged. 20 It should be
noted that 1n all cases ere an average involving pixel and / or sub-pixel
values is used in the determ nation of X resolution sub-pixels, the average

rd

may be for med—t+r—any—appropriate—nanmer—Theaddi-tTomgf—I to thg sum of
val ues used in calcul atiing SMh an avéMee has Argferrsk f dct PBfe€dusj ng any
roundi ng or| truncation ¢peration qubsequentljyy ammddad tjo mMetwogazor| 25
truncate the average i n{gues %ton tgi e, pext 'ﬂllg eqs_tta ft.eger 83{&@3 ue. In
al ter nat i ve BAH8YUI ment s | 813 HE9P ny &Rt PR Pt he i t1on |0 i’s'nof used. As
in the roed ofunltin inferpojationrto (14 pixel resol utilen prnevi ously
descri bed, nenory requi fgnents inltshe ppcoderg ca de regucgcl 030  py
pr e- cal cul gt+ng—enty—a—part—pt—theg subppixetivatues tofbe Tyterpol ated. In
the case of| b vaPue j 1t erpd at taQ pix® refoluditbn_jt is
advant ageoysgt-9 2§34 grca{ @ al § spl/ 2 jrpeso] gt i ont (and [%or esqlout | gwosuby pi xel s
77 before-hand apd to conpute val yes fpr g rlesol uti on qub-pilxels § n an on-
demand f ashi2dr2Sdnl y—when--t-hiey-—ar-8—reghi-red--WheA—thi-stappreach-i-5 t aken,

2,8,9,57 16 16 0 16 16 16 16 16

4,6,25,41 16 32 0 16 16 32 16 32

10,16,58,64 32 |78 0 80 16 32 16 32

11,13,15,59,61,63 | 16 | 60 0 60 16 60 16 60

18,24,34,40,5056 |16 |76 0 60 16 80 16 60

12,14,60,62 32 120 0 60 16 32 16 |32

26,32,42,48 32 108 0 60 16 32 16 32

20,22,36,38,52,54 | 16 120 0 60 16 76 16 76

27,29,31,43,4547 |16 |76 0 60 16 76 16 76

28,30,44,46 32 152 0 60 16 60 16 60

Average 64 2902510 197.75 | 48 214.75 | 48 192.75

Table 2: Complexity of ¥ resolution sub-pixel interpolation in TMLS, 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 TMLE has a complexity



both the interpol ation nmethod according to TM.5 and that according to the
invention require 16 tinmes the original picture nenory to store the 1/2 5
resolution and %resol uti on sub-pi xel values. However, if the direct

i nterpol ation nethod according to TM.6 is used in the sanme way,
internedi ate values for the 1/2 resolution and VI pixel resolution
sub- pi xel s nust be stored. These inteffedi ate val ues are represented with
32-bit precision and this results in a nmenpory requirenent 64 tinmes that for
the 10ori gi ¢farparable- itmﬂiepbdvcabearqf%@%.mPRPOF%eH Mo Hien: HeeLolPl exity of
the SUb_pi&ﬁk”¥@5H§¥%&g Opplé%bgwoﬁghgqﬁ%ggcording to the invention, when
applied in a video decoder” o cal culate values for sub-pixels at up to g

pi xel resolution, is conpared with that of 15 the interpol ation schenes

used in TM.5 and TM.6. As jndghe_e uivaLEE%Vaqghﬁsis far @6%5¢ﬁJ.resolution
sub- pi xel ViBIi@wiqsitee feregpingriencdplion dvill i evidert to.a PG al'in each
met hod the n&%@%ﬁ RRARLARUsOoRMLaBoRs Phatebe Vinhg withipahbosdtpd sisitrg only the

m ni nrum nunber of steps required to obt'ain a correctly interpol ated val ue.
It is al so ingentioed Wiiket 2 eaoharef moeferred xmbegimenisnelelie; ifventianotaeased
manner, Ssu th 0L er I_at ﬁggg ; [ S to be

i nt er pol at ggc:e%%&éascﬁlgéﬁi]rgﬁggﬁ’ ﬁlsﬁg{{}lagfeo% ar gt tfggf ﬁ@t%g&gﬁﬁﬁnﬁ Table 2
summari zes oigibexithérer afe phesible; edl ohwdighofadlt wishinnidehisde sp8 apshpl exity
is measured in terns. of the nunber of 8-tap filter and linear interpolation
operati ons $EOPRSY RGIWVRMEh nethod. The table presents the number of
operations required to interpolate each of the 63 X resol ution sub-pixels
within one 4 x 4 block of original imge pixels, each sub-pixel |ocation
being identified with a corresponding nunber, as illustrated in 30 Figure
22. In Figure 22, location 1 is the location of an original inmge pixel and
| ocations 2 to 64 are sub-pixel |ocations. Wien conputing the average
nunber of operations, it has been assunmed that the probability of a notion
vector pointing to each sub-pixel position is the same. The average 78
conplexity is thus the average of the 63 suns cal cul ated for each sub-pi xe
| ocation and the single full-pixel |ocation.
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Claims

1. A method for sub-pixel value interpolation to determine values for sub-pixels
situated within a rectangular bounded region defined by four corner pixels with no
intermediate pixels between the corners, the pixels and sub-pixels being arranged in
rows and columns, the pixel and sub-pixel locations being representable
mathematically within the rectangular bounded region using the co-ordinate notation
K2N, L2V, K and L being positive integers having respective values between zero
and 2V, N being a positive integer greater than one and representing a particular
degree of sub-pixel value interpolation, the method comprising:

- interpolating a sub-pixel value for a sub-pixel having co-ordinates with odd
values of K and L, according to a predetermined choice of either a weighted
average of the value of a nearest-neighbouring pixel and the value of the sub-
pixel situated at co-ordinates 1/2, 1/2, or a weighted average of the values of a
pair of diagonally-opposed sub-pixels having co-ordinates with even values of K
and L, including zero, situated within a quadrant of the rectangular bounded
region, the quadrant being defined by the sub-pixel having co-ordinates 1/2, 1/2
and the nearest neighbouring pixel;

- interpolating sub-pixel values for sub-pixeils having co-ordinates with K equal to
an even value and L equal zero and sub-pixels having co-ordinates with K equal
to zero and L equal to an even value, used in the interpolation of the sub-pixels
having co-ordinates with odd values of K and L, using weighted sums of the
values of pixels located in rows and columns respectively; and

- interpolating sub-pixel values for sub-pixels having co-ordinates with even
values of K and L, used in the interpolation of sub-pixel values for the sub-pixels
having co-ordinates with odd values of K and L, using a predetermined choice
of either a weighted sum of the values of sub-pixels having co-ordinates with K
equal to an even value and L equal to zero and the values of sub-pixels having
corresponding co-ordinates in immediately adjacent rectangular bounded
regions, or a weighted sum of the values of sub-pixels having co-ordinates with

K equal to zero and L equal to an even value and the values of sub-pixels
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having corresponding co-ordinates in  immediately adjacent bounded

rectangular regions.

2. A method according to claim 1, wherein the pixels and sub-pixels have a
dynamic range defined by the number of bits used to represent the value of said

pixels and sub-pixels.

3. A method according to claim 2, comprising interpolating sub-pixel values for the
sub-pixels having co-ordinates with K equal to an even value and L equal zero and
for the sub-pixels having co-ordinates with K equal to zero and | equal fo an even
value, using weighted sums of the values of pixels located in rows and columns
respectively, to produce a first intermediate value, said first intermediate value having
a dynamic range equal to the dynamic range of the pixels used in said weighted sum
muitiplied by a value equal to the sum of the respective weights used in said

weighted sum.

4. A method according to claim 3, wherein the dynamic range of said first
intermediate value is defined by the number of bits used to represent the respective
pixels used in said weighted sum plus the number of bits reguired to represent the

sum of the respective weights used in said weighted sum.

5. A method according to claim 3, comprising truncating the first intermediate
value by mathematically dividing the first intermediate value by a first scale factor,
said first scale factor having a value equal to the sum of the respective weights used

in said weighted sum.

6. A method according to claim 3, comprising interpolating sub-pixel values for
sub-pixels having co-ordinates with even values of K and L, using a weighted sum
comprising first intermediate values for sub-pixels having co-ordinates with K equal to
an even value and L equal to zero and the values of sub-pixels having corresponding
co-ordinates in immediately adjacent rectangular bounded regions, to produce a

second intermediate value, said second intermediate value having a dynamic range
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equal to the dynamic range of the first intermediate values used in said weighted
sum, multiplied by a value equal to the sum of the respective weights used in said

weighted sum.

7. A method according to claim 3, comprising interpolating sub-pixel values for
sub-pixels having co-ordinates with even values of K and L, using a weighted sum
comprising first intermediate values for sub-pixels having co-ordinates with K equal to
zero and L equal to an even value and the values of sub-pixels having corresponding
co-ordinates in immediately adjacent bounded rectangular regions to produce a
second intermediate value, said second intermediate value having a dynamic range
equal to the dynamic range of the first intermediate values used in said weighted
sum, multiplied by a value equal to the sum of the respective weights used in said

weighted sum.

8. A method according to claim 6, comprising truncating the second intermediate
value by mathematically dividing the second intermediate value by a second scale
factor, said second scale factor having a value equal to the sum of the respective
weights used in said weighted sum of claim 3 multiplied by the sum of the respective

weights used in said weighted sum of claim 6.

8. A method according to claim 7, comprising truncating the second intermediate
value by mathematically dividing the second intermediate value by a second scale
factor, said second scale factor having a value equal to the sum of the respective
weights used in said weighted sum of claim 3 multiplied by the sum of the respective

weights used in said weighted sum of claim 7.

10. A method according to claim 5, comprising using a truncated first intermediate
sub-pixel values when interpolating a value for a sub-pixel having co-ordinates with

odd values of K and L.
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11. A method according to claim 8 or 9, comprising using a truncated second
intermediate sub-pixel value when interpolating a value for a sub-pixel having co-

ordinates with odd values of K and L.

12. A method according to claim 1, comprising using a first and a second weight in
the weighted average chosen to interpolate the sub-pixel value for a sub-pixel having
co-ordinates with odd values of K and L, wherein when the chosen weighted average
is that involving the value of a nearest neighbouring pixel and the value of the sub-
pixel situated at co-ordinates 1/2, 1/2, selecting the relative magnitudes of the first
and second weights to be inversely proportional to the respective straight-line
diagonal distances of the nearest-neighbouring pixel and the sub-pixel situated at co-
ordinates 1/2, 1/2 to the sub-pixel having co-ordinates with odd values of K and L

whose value is being interpolated.

13. A method according to claim 1, comprising using a first and a second weight in
the weighted average chosen to interpolate the sub-pixel value for a sub-pixel having
co-ordinates with odd values of K and L, wherein when the chosen weighted average
is that involving the values of a pair of diagonally-opposed sub-pixels having co-
ordinates with even values of K and L, selecting the relative magnitudes of the first
and second weights to be inversely proportional to the respective straight-line
diagonal distances of the sub-pixels having co-ordinates with even values of K and L
to the sub-pixel having co-ordinates with odd values of K and L whose value is being

interpolated.

14. A method according to claim 12, comprising using first and second weights with
equal values when the nearest-neighbouring pixel and sub-pixel situated at co-
ordinates 1/2, 1/2 are equidistant from the sub-pixel having co-ordinates with odd

values of K and L whose value is being interpolated.

15. A method according to claim 13, comprising using first and second weights with

equal values when the sub-pixels having co-ordinates with even values of K and L
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are equidistant from the sub-pixel having co-ordinates with odd values of K and L

whose value is being interpolated.

16. A method according to claim 1, comprising interpolating sub-pixel values for sub-
pixels having co-ordinates with even values of K and L, used in interpolation of sub-
pixel values for the sub-pixels having co-ordinates with odd values of K and L, using
a weighted sum of the values of sub-pixels having co-ordinates with K equal to an
even value and L equal to zero and the values of sub-pixels having corresponding
co-ordinates in immediately adjacent rectangular bounded regions when the value of
a sub-pixel having co-ordinates with K equal to an even value and L equal to an odd

value is also required.

17. A method according to claim 1, comprising interpolating sub-pixel values for sub-
pixels having co-ordinates with even values of K and L, used in interpolation of sub-
pixel values for the sub-pixels having co-ordinates with odd values of K and L, using
a weighted sum of the values of sub-pixels having co-ordinates with K equal to zero
and L equal to an even value and the values of sub-pixels having corresponding co-
ordinates in immediately adjacent rectangular bounded regions when the value of a
sub-pixel having co-ordinates with K equal to an odd value and L equal to an even

value is also required.

18. A method according to claim 1, comprising interpolating sub-pixel values for sub-
pixels having co-ordinates with K equal to an odd value O and L equal to an even
value E, not including zero or 2V, by taking an average of the value of a first sub-pixel
having co-ordinates with K equal to the even value O - 1 and L equal to E and a
second sub-pixel having co-ordinates with K equal to the even value O + 1 and L

equalto E.

19. A method according to claim 1, comprising interpolating a sub-pixel value for a
sub-pixel having co-ordinates with K equal to 1 and L equal to zero, by taking an
average of the value of a pixel having co-ordinates with K equal to zero and L equal

to zero, and a sub-pixel having co-ordinates with K equal to 2 and L equal to zero.
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20. A method according to claim 1, comprising interpolating a sub-pixel value for a
sub-pixel having co-ordinates with K equal to 2" - 1 and L equal to zero, by taking an
average of the value of a pixel having co-ordinates with K equal to 2" and L equal to

zero, and a sub-pixel having co-ordinates with K equal to 2" - 2 and L equal to zero.

21. A method according to claim 1, comprising interpolating a sub-pixe! value for a
sub-pixel having co-ordinates with K equal to 1 and L equal to 2N, by taking an
average of the value of a pixel having co-ordinates with K equal to zero and L equal

to 2V, and a sub-pixel having co-ordinates with K equal to 2 and L equal to 2~

22. A method according to claim 1, comprising interpolating a sub-pixel value for a
sub-pixel having co-ordinates with K equal to 2" - 1 and L equal to 2", by taking an
average of the value of a pixel having co-ordinates with K equal to 2" and L equal to

2N, and a sub-pixel having co-ordinates with K equal to 2" - 2 and L equal to 2V,

23. A method according to claim 1, comprising interpolating sub-pixel values for sub-
pixels having co-ordinates with K equal to an even value E, not including zero or 2V,
and L. equal to an odd value O, by taking an average of the value of a first sub-pixel
having co-ordinates with K equal to E and L equal to the even value O - 1 and a
second sub-pixel having co-ordinates with K equal to E and L equal to the even value
O+ 1.

24. A method according to claim 1, comprising interpolating a sub-pixel value for a
sub-pixel having co-ordinates with K equal to zero and L equal to 1, by taking an
average of the value of a pixel having co-ordinates with K equal to zero and L. equal

to zero, and a sub-pixel having co-ordinates with K equal to zero and L equal to 2.

25. A method according to claim 1, comprising interpolating a sub-pixel value for a
sub-pixel having co-ordinates with K equal to 2V and L equal to 1, by taking an
average of the value of a pixel having co-ordinates with K equal to 2" and L equal to

zero, and a sub-pixe! having co-ordinates with K equal o zero and L equal to 2N,
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26. A method according to claim 1, comprising interpolating a sub-pixel value for a
sub-pixel having co-ordinates with K equal to 0 and L equal to 2N - 1, by taking an
average of the value of a pixel having co-ordinates with K equal to zero and L equal

to 2N, and a sub-pixel having co-ordinates with K equal to zero and L equal to 2V - 2.

27. A method according to claim 1, comprising interpolating a sub-pixel value for a
sub-pixel having co-ordinates with K equal to 2" and L equal to 2V - 1, by taking an
average of the value of a pixel having co-ordinates with K equal to 2V and L equal to

2N and a sub-pixel having co-ordinates with K equal to 2¥ and L equal to 2™ - 2.

28. A method according to claim 1, comprising interpolating a sub-pixel value for the
sub-pixel having co-ordinates with K equal to 2" - 1 and L equal to 2V - 1, by taking a
weighted average of the values of the four corner pixels that define the rectangular

bounded region.

29. A method according to claim 1, comprising selecting a vaiue for N from a list
consisting of the values 2, 3, and 4.

30. A method for quarter resolution sub-pixel value interpolation to determine values
for sub-pixels situated within a rectangular bounded region defined by four corner
pixels with no intermediate pixels between the corners, the pixels and sub-pixels
being arranged in rows and columns, the pixel and sub-pixel locations being
representable mathematically within the rectangular bounded region using the co-
ordinate notation K/4, L/4, K and L being positive integers having respective values
between zero and 4, the method comprising:

- interpolating a sub-pixel value for a sub-pixel having co-ordinates with K and L
equal to 1 or 3, according to a predetermined choice of either a weighted
average of the value of a nearest-neighbouring pixel and the value of the sub-
pixel situated at co-ordinates 2/4, 2/4, or a weighted average of the values of a
pair of diagonally-opposed sub-pixels having co-ordinates with K and L equal to

zero, 2 or 4, situated within a quadrant of the rectangular bounded region, the
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quadrant being defined by the sub-pixel having co-ordinates 2/4, 2/4 and the
nearest neighbouring pixel;

- interpolating sub-pixel values for sub-pixels having co-ordinates with K equal to
2 and L. equal zero and sub-pixels having co-ordinates with K egual to zero and
L equal to 2, used in the interpolation of the sub-pixeis having co-ordinates with
K and L equal to 1 or 3, using weighted sums of the values of pixels located in
rows and columns respectively; and

- interpolating a sub-pixel value for the sub-pixel having co-ordinates with K and
L equal to 2, used in the interpolation of sub-pixel values for the sub-pixels
having co-ordinates with K and L equal to 1 or 3, using a predetermined choice
of either a weighted sum of the values of the sub-pixel having co-ordinates with
K equal to 2 and L equal to zero and the values of sub-pixels having
corresponding co-ordinates in immediately adjacent rectangular bounded
regions, or a weighted sum of the value of the sub-pixel having co-ordinates
with K equal to zero and L. equal to 2 and the values of sub-pixels having
corresponding co-ordinates in immediately adjacent rectangular bounded

regions.

31. A method for eighth resolution sub-pixel value interpolation to determine values
for sub-pixels situated within a rectangular bounded region defined by four corner
pixels with no intermediate pixels between the comers, the pixels and sub-pixels
being arranged in rows and columns, the pixel and sub-pixel locations being
representable mathematically with the rectangular bounded region using the co-
ordinate notation K/8, L/8, K and L being positive integers having respective values
between zero and 8, the method comprising:

- interpolating a sub-pixel value for a sub-pixel having co-ordinates with K and L
equal to 1, 3, 5 or 7, according to a predetermined choice of either a weighted
average of the value of a nearest-neighbouring pixel and the value of the sub-
pixel situated at co-ordinates 4/8, 4/8, or a weighted average of the values of a
pair of diagonally-opposed sub-pixels having co-ordinates with K and L equal to

zero, 2, 4, 6 or 8, situated within a quadrant of the rectangular bounded region,



16 60 16 60 Average 64 290.25 0 197.75 48 214.75 48 192.75 5 Table 2:

Conpl exity of g resolution sub-pixel interpolation in TM.5, TM.6 and the
met hod according to the invention, (Results shown separately for Preferred
Method 1 and Preferred Method 2). 10 Ag can be seen from Table 2, the
nunber of 8-tap filtering operations

the quadrant being defined by the sub-pixel having co-ordinates 4/8, 4/8 and the
nearest neighbouring pixel;

- interpolating sub-pixel values for sub-pixels having co-ordinates with K equal to
2, 4 or 6 and L equal zero and sub-pixels having co-ordinates with K equal to
zero and L equal to 2, 4 or 6, used in the interpolation of the sub-pixels having
co-ordinates with K and L equal to 1, 3, 5 or 7, using weighted sums of the
values of pixels located in rows and columns respectively; and

- interpolating sub-pixel values for sub-pixels having co-ordinates with K and L
equal to 2, 4 or 8, used in the interpolation of sub-pixel values for the sub-pixels
having co-ordinates with K and L equal to 1, 3, 5 or 7, using a predetermined
choice of either a weighted sum of the values of sub-pixels having co-ordinates
with K equal to 2, 4 or 6 and L equal to zero and the values of sub-pixels having
corresponding co-ordinates in immediately adjacent rectangular bounded
regions or a weighted sum of the values of sub-pixels having co-ordinates with
K equal to zero and L equal to 2, 4 or 6 and the values of sub-pixels having
corresponding co-ordinates in immediately adjacent rectangular bounded

regions.

32.  An interpolator for sub-pixel value interpolation, the interpolator being adapted
to determine values for sub-pixels situated within a rectangular bounded region
defined by four corner pixels with no intermediate pixels between the corners, the
pixels and sub-pixels being arranged in rows and columns, the pixel and sub-pixel
locations being representable mathematically within the rectangular bounded region
using the co-ordinate notation K/2V, L/2, K and L being positive integers having
respective values between zero and 2N, N being a positive integer greater than one
and representing a particular degree of sub-pixel value interpolation, the interpolator
being adapted to:

- interpolate a sub-pixel value for a sub-pixe! having co-ordinates with odd values
of Kand L, according to a predetermined choice of either a weighted average of
the vaiue of a nearest-neighbouring pixel and the value of the sub-pixe! situated
at co-ordinates 1/2, 1/2, or a weighted average of the values of a pair of

diagonally-opposed sub-pixels having co-ordinates with even values of K and L,



performed according to preferred methods 1 and 2 are, respectively, 26% and
34% | ower than the nunber of 8-tap filtering operation perforned in the
sub- pi xel val ue interpol ation nethod of TM.L5. The nunber of I|inear
operations is 25% /I ower, in both prefgéred met hod 1 and preferred nmethod 15
2, conpared with TM.5, but this inprovenent is of |esser inportance
conpared to the reduction in 8-tap filtering operations. It can further be
seen that the direct interpolation nmethod used in TML6 has a conplexity 79
conpar abl e that of both preferred nethods 1 and 2 when used to interpolate
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co-ordinates with odd values of K and L, using a predetermined choice of either
a weighted sum of the values of sub-pixels having co-ordinates with K equal to
an even value and L equal to zero and the values of sub-pixels having
corresponding co-ordinates in immediately adjacent rectangular bounded
regions, or a weighted sum of the values of sub-pixels having co-ordinates with
K equal to zero and L equal to an even value and the values of sub-pixels
having corresponding co-ordinates in  immediately adjacent bounded

rectangular regions.

33. An interpolator according to claim 32, wherein the pixels and sub-pixels have a
dynamic range defined by the number of bits used to represent the value of said

pixels and sub-pixels.

34. An interpolator according to claim 33, comprising interpolating sub-pixel values
for the sub-pixels having co-ordinates with K equal to an even value and L equal zero
and for the sub-pixels having co-ordinates with K equal to zero and L equal to an
even value, using weighted sums of the values of pixels located in rows and columns
respectively, to produce a first intermediate value, said first intermediate value having
a dynamic range equal to the dynamic range of the pixels used in said weighted sum
multiplied by a value equal fo the sum of the respective weights used in said

weighted sum.



i nterpol ating a sub-pixel value for a sub-pixel having co-ordinates with
odd values of K and L, according to a predeterm ned choice of either a

wei ght ed average of the val ue of a nearest-nei ghbouring pixel and the val ue
of the sub-pixel situated at co-ordingtes 1/2, 1/2, or a weighted average
of the values of a pair of diagonally-opposed sub-pixels having
co-ordinates with even values of K and L, including zero, situated within a
guadrant of the rectangul ar bounded region, the quadrant being defined by

t he sub-pi xel having co-ordinates 1/2, 1/2 and the nearest nei ghbouring

pi xel ; 3bnther pdempoiatgr sabendingeto wiimed4 f whestib-thexdyrarhiaviangecaf- saidifirat es

with K.equal .to an even, val d L equal. zero and sub-pixels havin

co- or ol igiBecibf’ RAWELE AefRel ARG mmib o Ol In e Citare it n (e
i nt er pph@ld 08e®fin AR syt et Bl Me 6OMBEALRBIE Tellidd eddepisuas i K
and L, u5|qg wei ghted sunms of the values of pixels |located in rows and

col um§upeginagtesResivevrighis aason faithyeiitediskel. val ues for sub-pixel s
havi ng co-ordinates with even values of Kand L, used in the interpol ation
of sub-pi xel values for the sub-pixels having co-ordinates with odd val ues
of K aB8. LAnushtegpelaturedaicerdingedo chiiime 3, eohiieising Weuobatedy sthe ofrst he
val ues, of sub-pi xel s havinﬁaco-ordinates with K equal to an even val ue and

L equalMeUnedats ¥alye: e maihemationls dyidingdne figl intjymeshiatesyiueiyga first

co- or di el j i r (e} :

e ght e Bl L g A Bl 1 M B e e pefhd o

t o zer weighds lusedirmbakdonvaigh®adesumal ue and t he val ues of sub-pixels 81
havi ng correspondi ng co-ordinates in i medi ately adj acent bounded
rectangul ar regions. 2. A nethod according to claim1, wherein the pixels
and subypi xeli ARHRAATH f BWali dHdisvaigsed to

r epr esent ﬁhéﬁﬁg?ggﬁgf sai d %ﬁggﬁgﬁggg’gﬂgﬁggﬁgf@%”&%gﬁﬁgﬁ%?ﬁggyzgcording
to cl afonsub-pisewsrhaingcoorénptesavithgvenbabieself Kahdés ubimg a veighied purel s
havi ng -ordinates. with.K equal to apn even.value and.L equal zero and for
the SuBORPRENg TabT i MRl Aol sEPPHEE edinores SpeEaanin EabeT RS an
even Vahusienugiiig angiLoddef 16 4Bk ahd the viiky s stb-gikeis Ihavirecadesspomdiys and
colums respectively, to produce a first internediate val ue, said first

i nt er né@icatiaates ire imawdigtely adirnsnt realwgeulsgubounded regigpnaie @redues aof t he

Phe.rospant) e dalEt Al ooR ety BRIHESAE HE R RE R Blohihic B ng L o

cl ai m dquathiy gendiyhamity rangec of ang dirslfl ins@htbdiatestallibs e/segdinaé Sid Webidatdd
defined by the nunber of bits used to represent the respective pixels used
in sai 8UTeindtiRiieds D apvalver sl dahe M wf dke resprstve weightsprsedm seise sum
of the, respestiMe Weights used in said weighted sum 5. A nmethod according
to claim®3, conprising truncating the first internedi ate val ue by

mat hematically dividing the first intermedi ate value by a first scale
factor said.firs%aagale factor havigg a value equal to the sum of the

€

r espectPveRNRP I RFCORIEgita RIMy AT eEOBAHTINg dNERPHaHNG §URTIER HAKPS o
claim LS i )| NG ]l val fio : RJ | Ng
co- or dl o TP S AT LSRR alesT BheR Aftles R W ER L7 U Rokitiea s 10
first comgrised faseinteameskiatt valisasoiopisxbisxdiahiammgom-ordinatat edthiK teuld] Bqual
to an even value and L equal to zero and the_ values of sub-pixels having
cor r esEURRHEL BB i ARETER vl e Ao Urlyes d Dbrixe SeNG A SssGuIg:

r egi onge-drdinBicddite emin&RsRAM adgéc%rﬂm%lﬁ{o%d/aé&sng@at degRARNGD IgibGIEY at e
val ue having a dynam c range 82 equal to the dynamc range of the first

i nt er neegenkeinjeinrdiaigswaiue nsaidi spogaidghtesthegiiate valtie hpringdd Bynamiarangeequal

to the f.th ective ights used in .said weighted su A

ot hoge ARl ByAEERE Fos ol T e M Byl SuRRHER S38 weidntéd o
sub- pi g@is Maupig be-ordiuaad@sal bithe &N of ahaleesPdctiteandights USEdMn dajd

wei ghted. sum conprising first intermedi ate val ues for sub-pixels having

co- or dWgithded §fh K equal to zero and L equal to an even value and the
val ues of sub-pi xels having correspondi ng co-ordinates in i mediately

adj acent bounded rectangul ar regions to produce a second internedi ate

\éal ue, 38ai Anseﬁ?nxbrl]étn]g eaa:rmddjiagetwad(:jlakn havj lnganapntb}m‘%rﬁrandmmge tﬂ@]uﬁéccg@i t he
ynam ¢ ran of the first inter i ate values used in said wei ghted sum
mul ti pINEaeaE valigdbnqahemstionly siMifio 1essepbitrrasdiaighebiouBed i n
said weighted sum 8. A nethod according to claim®6, conprising truncating
the second internedi ate val ue by mat hematically dividing the second

i nternedi ate val ue by a second scale factor, said second scal e factor
havi ng a val ue equal to the sumof the respective weights used in said

wei ghted sumof claim3 nultiplied by the sumof the respective weights



9. A nethod according to claim7, conprising truncating the second

i nternedi ate value by mathematically dividing the second internedi ate val ue
by a second scale factor, said second scale factor having a value equal to
the sum of the respective weights usegqin said weighted sumof claim3

mul tiplied by the sumof the respective weights used in said weighted sum
of claim7. 10. A nmethod according to claimb5, conprising using a
truncated first internedi ate sub-pixel val ues when interpolating a val ue

for a sub-pixel having co- ordlnates with odd values of Kand L. 83 11. A
met hod Saee&i §FR§ ftaem Aithsgcgpd @ca@of@ﬁmfmng§.W@§Jaeﬂwaw@a¢hecﬁ%@6m

i nter el r I
navi ng SO g ot e el d Ol ol FRighe LB BF phtndsy Al of 1Tl BF'
cl ai m 1he czapectied M@sghsts nged i sastweigticl swoaidlami It in t he wei ght ed
average chosen to interpol ate the sub-pixel value for a sub-pixel having
co-ordinates with odd values of K and L, wherein when the chosen wei ghted
aver ageoi s Anhahtetpialoy| B8cdBmgvabugiah esne@drﬁﬁﬁs.ngl ghheétHwhél s6to d the
val ue of the sub-pi xel S|tuated at co-ordinates 1/ 2, selecting t

r el at i Wderrag@iptaudaltieoby tm@thﬁmegmaandil\sémnma/@egmcé lrtterrbedsatwaalwl py a
propor the res ctlve str l.ine diagonal distances of

Pear o5 PERRRL REBE RS o cosiia Shars dnias i p MR aale b3BF GumdeL s, -,
1/°2 t orédprecivdviigels hiedd ngssie- QEGheRT e8mibt Blagd B4/ alulgsicdf bKtifaduln whose
value is being interpolated. 13. A nethod according to claim1, conprising
usi ng e respecyriwgighte sead e Fgitweightagesyipicd ietaim ﬁerage chosen to

i nterpol ate the sub-pi xel value for a sub-pixel having co-ordinates with
odd values of K and L, wherein when the chosen wei ghted average is that

i nvol vidng Arlnelnvgtbu%orofacaoﬁ:ang of chirgB6l cympppipge disiigh-aDi tnglchitd@ viirgg
coordlnates th even values of K and L, selecting the relative magnitudes
of t he Mpraedialeisyt: gnvbengnisrelalieg S%N?’Uﬁr%’ﬁ@r Bilbnpare! thavings co-
reSperhﬁﬁaﬁ%NﬁHﬁQHGbbﬁ%SQHaggﬂit di stances of the sub-pixels having
co-ordinates wth even values of K and L to the sub-pixel having
co-ordinates with odd values of K and L whose value is being interpol at ed.

14. A et hod C r ng to,.cl ising.using. first an econd

vei ght STufninEaRlpes Hsettiindh e HEGF BO: SoBPgRDE NIRRT Rt SISt pi xel
si t uat ge@heda waﬂ t e f avi ng
co- ordlngtaz mﬁ{ﬁhg@%ﬂgaﬁﬁ%§v§$§1ﬁﬁ§r ogéﬁﬂﬁ JEP?;&@§PE§PF%¥ﬁﬁ%O?ated.

15. A natinalgsadtioodd nglues aflKadng L3, conprising using first and second

wei ghts with equal values when the sub-pixels having co-ordinates with even
values of Kand L 84 are equidistant fromthe sub-pixel having

co- or di4pat g m&&zg&ﬁ a\b%bktﬁﬁg@d clénﬂ"@ Lyidregetheahtgpbiatdtas Raapfieior@eat ed.

16. A net hod accord ”y? to claim1, conprising interpolating sub-pixel
val uesaffypt 908 -sppeednyl wgighign dbe oveiphtadeavaiiepn ahasanval tuwpolate(tmdub— used

t f di nat
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sub- pi weles hayi cibsenr aidlgitatieavididde Ke etagl intolviy QM@nvaﬂabU@f agdndaregpal to
zero and, the val ues of sub-pixels having corresponding co-ordinates in
i mredi B8ENPOHHNS PR anéébawgmea@f the shilaixelegivated aheorotdivatesl U3, bR, the
b- t |t
S HELPBMON % SRLRiA 161 S5t ) KB b RRRER KR G AP Lol 10

conpr i sieihts o eepnb@tsetygpmpbrtmnadelto vod mefcwe Sﬂb!@bﬂt-&ﬂé&ilwaﬁ@istances
co-ordi pates with even values of K an in interpol ation
sub. pi YbiNS, BERESTNEI I"?H”EQB’"ﬁﬁ’)?&ds”}?awth@*%BBPﬁﬁeﬁa@‘e%‘Pquﬂa@éd1"@aﬂ(?es of

K and 1o tHesd m&e\"’ﬁaﬁﬁg% -SIMALs Wi (ycfd Ugl%eﬁ of RBAR L GhSsd 34iLRYs bejng
co-ordi nates to zero and equal to an even val ue "an

val uesindérpoidiepi xel s haV|ng correspondi ng coordinates in imrediately

adj acent rectangul ar bounded regi ons when the value of a sub-pixel having
co-ordinates with K equal to an odd value and L equal to an even value is
al so reagui Aﬁdnteré&ato?\a&b?d?ﬁg 6 eRird 319 v&ﬁér@lnaﬂh@fﬂaterﬁ&ﬁﬁfr'|§'aﬂgpiéﬁiti%r@é¥ ating
sub- pi xel val ues for sub-pixels having co-ordinates with K equal to an odd
val ue 8 fisldand egsegondowgighdverihe aveighted avrragachesendozistespolate thepgubaki ng

an ave t val.ue. first - pbi xel, havi ng co-ordinates with K
caual PRef Kale RR A GEG! reyingrEP-oRYRaE Pl B3 el ah s i
havi ng co-ordinates wwth K equal to the even value 0 + 1 and L equal to E
19. A nethod according to claim1, conprising interpolating a sub-pixel

val ue for a sub-pixel having co-ordinates with K equal to 1 and L equal to
zero, by taking an average of the value of a pixel having co-ordinates with
K equal to zero and L equal ‘to zero, and a sub-pi xel having co-ordinates

v ~ o v -



85 20. A nethod according to claim11, conprising interpolating a sub-pixel
val ue for a sub-pixel having co-ordinates with K equal to 2" - 1 and L
equal to zero, by taking an average of the value of a pixel having
co-ordinates with K equal to 2" and Lggqual to zero, and a sub-pi xel having
co-ordinates with K equal to 2" - 2 and L equal to zero. 21. A nethod
according to claim1, conprising interpolating a sub-pixel value for a

sub- pixel havi ng co-ordinates with K equal to 1 and L equal to 2", by

t aki ng averagg of the value of a pixel having co-ordinates with K equal

to zerd’ igen: gveightedn gvaragen 'splff(‘@t *HWV‘HQ & oradvemat s awpel rf equal
to 2 a'&ﬁ’ag%or%‘ﬂ% ppbSed’ subzpﬁxel HE%; EoR¢6iRk {‘Hsn\g‘tlrw%v%hadéﬁés of RPAA §! B

i nterpol a a sub- pi xel r asu I xel having co-ordinates wth K
equal uraie;polaton Iarmﬁaptemdal s&iecmhe)yeiaakengagmtmaa@etheff;mhemdabaeom a

i xel ordinates wt al to 2" and L ual ., to 2", . .and a

e i JBIORE 16 e hRe BR Rralioktora 7O a%ﬁoﬂecf'zsefﬂaﬂ@‘ﬂaﬁdﬂtm@w&@a@s 23,
A et hod 136 GabdiRes tHavi RcBIkdinGRIP Withi E\ibr] Oé&%@%faik'é}m BuB- t%xé?ub ¥ideties
for sub-pixels having co-ordinates with K equal to an even value E, not

i ncl udinAYingeioowlinaing witheefihvalties oh Kot Lavhaseovalvy is béing dnterpalatedage of
the value of a first sub-pixel having co-ordinates with K equal to E and L
equal to the even value 0 - 1 and a second sub-pi xel having co-ordinates

wi t h K4dgnal interpBlatordadeoegingl totatairhe2 ewbsroialing ifterpdlator 24 adApRt 0gke
accordln to claim1, conprising interpolating a sub-pixel value for a

sub- pi ¥ %@er@o\wg&g&ﬁ%tl@@%aﬂ Hak'eédMB‘Pn e ﬂéﬁ@%ﬁ@'&h%{ﬁiﬂg Rixel1andy

t aki ng r t qgual
o zor ST BRI ol OE oSt 2 I K5 o St FoR T SHER B i
equal to-aréinatemdith odduallugsoof2 andd. onsmllatmde |a¢xe¢31@|mwpbfat@di al m1,
conprising interpolating a sub-pixel value for a sub-pixel having
co-ordinates with K equal to 2" and L equal to 1, by taking an average of
the vahgeapfinfrpbifdr AA&Vrdifg 38-¢Piif A8! %Eééa
zero, and a !rs]ur-Bpl xg havclmna codp%r |§1‘a\?§g%\/‘\fq?§"ﬁg a?tb?’észgg?%‘@ang equal
to 2" firak@ndmcomdrmfelg@m mthoﬂ:qilaig/aﬂtmscWhemtne stbApirelsi tayingterpdinaténg a

sub-pl val ue for pi xel havi i nat svmth K equal 10,0 and L
equal Hh A vgluep,p tél@i”ﬂ L S solidiglantfrophdne bbb haviid £0-ardates

co- or divitatcRR Viitds Kf RuH LWo%@r\%h?é‘% Beuﬁ@ﬁﬁérﬁo%téd, and a sub- pi Xel havi ng
co-ordinates with K equal to zero and L equal 2. 27. A nethod
according to claim1, conprising i nterpol ating a sub pi xel value for a

b- I L | tg 2r'l. - 1,
by« ol B Al PBeEAaP GCBRRT 4¥ 0t 7 (helet due afechoBRt i plafeet i
equal InterdolaagGub-sigelalaites 2or, Stﬁilﬁixélssh’élmﬁlg %BlorBmated wan- élfe‘ﬁ wahes oMt h K
equal to 2" and L equal to 2" - 28. A method according to claim1,

conpr i 8N%é- |Uﬁ?@ﬂfﬂ)mt@’tﬂqlﬁji% @fLﬁjitbP%él valdes o ibe &ubeplsab havited comvilingtes
nei ont MARLER! Wks br R L1 Bstho 3 whidPa suREHPIng Faifes of Spaia el e

rect angml-loaﬂilnbmsnwvﬁti K egjuahto af9%veh Nelueogdnd¢ceqdaing téroChdd ﬁhé,vaﬁiﬁﬁpbi si ng
sel ecti aluefor N froma |ist consisting of the values 2, 3, and 4.

30. A ‘IH’B@ &avmﬁappafesp@zfanat%ﬁrdéweﬁ.tﬁeummad@éeivmfaawtatqwg%ar
det
et er Mk neg@ggoﬁ§wr%lﬁbﬂ@ ¥l oF 4 Yab PRty 8o cFEhanaah PauNdet

region d our corner pixe NG 'l Mt &7 medi ate pi xels

t he coamewen vtahe anck elesuahtb anldpivedlesishlsogequireahged in rows and col ums,

t he pi xel and sub-pi xel |ocations being representable mathematically wt hi n
the rectangul ar bounded region using the coordinate notation K14, L/ 4, K
and L bei pa RRSiblats: HRESEG tB%m erzeswﬁ%r@ irY §h 61 éozgfé i dadited ﬁ';“d 4,
the method conprising: -interpolating a su I Xxe or as pi xel

havi ngintrpelade sabaxxealiviauas fmdub-pixels having co- ordlnates with even values of K

and L, used in interpolation of sub-pixel values for the sub-pixels having co-ordinates
with odd values of K and L, using a weighted sum of the values of sub-pixels having
co-ordinates with K equal to zero and L equal to an even value and the values of

sub-pixels having corresponding co-ordinates in immediately adjacent rectangular



equal to 1 or 3, according to a predeterm ned choice of either a weighted
average of the value of a nearest-nei ghbouring pixel and the val ue of the
sub- pi xel situated at co-ordinates 2/4, 2/4, or a weighted average of the
val ues of a pair of diagonally-opposegzsub-pixels having co-ordinates with
K and L equal to zero, 2 or 4, situated within a quadrant of the

rect angul ar bounded region, the 87 quadrant being defined by the sub-pixel
havi ng co-ordi nates 2/4, 2/4 and the nearest nei ghbouring pixel;

i nterpol ating sub-pi xel values for sub-pixels having co- ordinates with K
equal PUATER 1eg10a] wTery die Valig b SHP@@ W%ﬁoéﬁd@%ﬁ’%%tes*(\ﬂ%ﬁﬁ' ke equal
to zer anahiti balBg il L Sadal 18 kieh (diGe | SRR ﬂean of the sub-pixels
havi ng co-ordi nates wth K and equa to 1 or usi ng wei ghted suns of

t he values of plxels Iocated in rows and col ums respectlvely, and
|nterp a s i xe ue for t ving,co-ordinates with
< and’ Lo b Bl AFordReB ¢, 3 SRR Shes B BPR TorPdeBRIbR the
sub- pi x&bfpdiatei b -siReOVALEA RSN piRel Vhd-cEDr@hatdd vla;u@k équéa%% éHd
predeterm ned choice of either a weighted sumof the val uef
sub- pi ¥aluengvpig e eaveditparesven tvalie dyuagt neluingiarero equl, by taien@ amd t he

val ues caf 0- ofF dj dj,at el

adj acer‘%‘tg.')'gr %ﬁ&éﬂgﬁu%%ﬁ%ﬁgg regﬁ%ﬁpﬂg‘gﬁg C%\/\%r% ¢ % tﬁ‘rﬁ&q“? P é/rbf t he
sub- pi )aalueffa\uingn@a aaudil REemd sBcdh@ guidipited haeing andrdingtgdalith K e?qu@ﬂd t he
val ues of sub- pi xel s_havi ng correspgndi ng co-ordinates in inmediately

adj aceff r}ee%‘(%[h&ﬂpﬁro BoLABd 9@ &k 31. A nethod for e ghth resol ution
sub- pi xel value interpolation to determ ne val ues for sub-pixels situated
wi thin a rectangul ar bounded regi on defined by four corner pixels with no
i nt er mré8i at® mmebmtbeame@mrtgwm ctaime 82, whieeeipi thel mitempdltobipiadepteddtd ng

i N rows Iunns t he plxel and sub-pi xel | ocations being

arrang t
represgﬁ?ml%ter?a? E%'IU?JO(/\PtSHbfmée AN §RroK ‘”Bﬁ?n‘ﬂ@aﬂr%@i'%ﬁodsﬁ‘% t he
coor di padcfaned 2Bt g%ﬁm La{@avé?agg%f%@%ﬂﬂa 80 S‘iﬂe‘(‘ﬁa\rfﬁ CARDRYNEAE VWih

respective val ues twee zero a he met hod conpri Sing: 1nter poT ating
a sub Klema!\t@lzaea and Leequat ipizerel, aheve sigh-pixebhdiingtaesondinadte& véihdK leqeglial  t o

Eog acco rdlZ&? to a predeterm ned choice of either a weighted
aver ag fanfjhle ‘a nearest - nei ghbouring pixel and the value of the
sub- pi xel situat ed at co-ordinates 4/8, 4/8, or a weighted average of the
val ues of a pair of diagonally-opposed sub-pixels having co-ordinates with
K and PpBquan interpelador accarding tr chiims B2uathedeini thiei imterpgladar :madapteﬂhm

ot AD AR e 2R PR RS IAS ES, Rd  5P <

i nt er pahatl @@Jﬁub'z@'rd%y teadmgeanfaeeragdoopmee\baﬁué@Waqu@a%am@ B@Icﬁ&n\&téé" K
equal to 2, 4 or and L equal zero and sub-pixel s having co-ordinates with

K equaW‘tf‘d<29é}U@’ acna langh L@ qua) to zelo.oand 2 sideaixeh hewiagi ¢r-erdioatesi with & t he
sub- pi égbéi tBaz‘" ;’@?ﬁglo&ﬂjsﬂ%eérwth K and L equal to 1, 3, 5 or 7, using
uns o o)

wei ght e e val ues plxels | ocated in rows and col unms
respectively; and

51.  An interpolator according to claim 32, wherein the interpolator is adapted to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 1 and
L equal to 2V, by taking an average of the value of a pixel having co-ordinates with K

equal to zero and L equal to 2V, and a sub-pixel having co-ordinates with K equal to 2
and L. equal to 2V.

52. An interpolator according to claim 32, wherein the interpolator is adapted to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 2N - 1

and L equal to 2™, by taking an average of the value of a pixel having co-ordinates



i nterpol ati ng sub-pi xel val ues for sub-pixels having co-ordinates wth K
and L equal to 2, 4 or 6, used in the interpolation of sub-pixel values for
t he sub-pi xels having co-ordinates with K and L equal to 1, 3, 5 or 7,
using a predeterm ned choice of eithegga wei ghted sum of the val ues of
sub- pi xel s having co-ordinates with K equal to 2, 4 or 6 and L equal to
zero and the val ues of sub-pixels having correspondi ng co-ordinates in

i mredi at el y adj acent rectangul ar bounded regions or a weighted sum of the
val ues qf sub- pi xel s, having co-ordijnates with K equal to zero and L equal
to 2, My RGE%%EH tphé“ Fadye LRl ga@“';iw 3 HvPig! BBYINEsHURMIIRREE oVl df nat es
in inn%%hg;ﬁJyva?b%gqu &Qqqugular bounded regions. 32. An interpolator
for sub-pixel value intgrpo ation, the interpolator being adapted to
determ ne val ues for sub-pixels situated within a rectangul ar bounded
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i nt er pelabketa tistlbveh xadiuy @ uel ey & sebndi s(@)-piRay hBding R brliinake sy i odd
values of K and L, according to a predeterm ned choice of either a weighted
averag@qH?iKH%aVQﬁU%Q%mtgtm%QV%%NGE@HQHbﬁuring pi xel and the value of the
sub- pi xel situated at co-ordinates 1/2, 1/2, or a weighted average of the
val ues of a pair of diagonally-opposed sub-pixels having co-ordinates with
e\éen vﬁhueﬂnlowﬁgalaﬂcéd_accc&ﬁ_idmw mihimgSZgMereiEtM '&gbt}ﬁoldlgﬂg)@aqﬁptﬂdagﬁ of I
t he rectangul .ar bounded region, the quadrant being defined by the sub-pixe
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wi t h Kwitiudlequel ereroaantl L esmadto zeramneva subalixel havirepdcoordinates with K
interpolatﬁon of t sub-npi xel s having co-ordinates with odd val ues of K
and L, SHURHG 4REP G gdeg Oéf the val ues of pixels located in rows and
colums respectively; and interpol ate sub-pi xel values for sub-pixels

having co-ordinates with even values of Kand L, used in the interpolation
of subSpi xéh inégrpetenaceerdinguts piaiel 82havhenginciheomtiénpatadsr vi Bapdd tml ues

of Ka , in redet erm ned chai ce of. either.a weighted sum,of,_ g he
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co-ordinates in i mediately adjacent rectangul ar bounded regions, or a

wei ght withsfyaasr! the \andibseafal dalzepe xand ansuh-pixet baving srxoednalieshvikh &qual
to zer t an val ue and the val ues of sub-pixels having
corres%gﬁ%ﬁﬁgeggggbéi%%?ﬂggﬁn'innediately adj acent bounded rectangul ar
regions. 33. An interpolator according to claim 32, wherein the pixels and

sub-pixgls have a d¥nanic range defined by the nunber of bits used to
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b pi KAEORAE B gitel GATRTLCS RpiHALRINY LSO THIR WL KBS bYnd
zero ahequat tot 2e- $uby pakieg antaverage obthendilmabea pitdl hakingatmbrdisatesvatrand L

equal to0 an even val ye, usin i ghted suns of the values of pixels |ocated
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range of the pixel's used in said weighted summnultiplied by a val ue equal
to the sumof the respective weights used in said weighted sum 90 35. An

interpplatQr .according to ¢laim 34, rein the dynam c range qof said first
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required to represgnt the sumof the respective weights used in said

wei ght @ed safual 8527 Ad, biitekips st average of thawelue of laapinelpving aprdrdinates
truncating the first internediate value by nmathematically dividing the
first internmediate value by a first scale factor, said first scale factor

havi ng a val ue equal to the sumof the respective weights used in said
wei ght ed sum



37. An interpolator according to claim 34, conprising interpolating
sub- pi xel val ues for sub-pixels having co-ordinates with even val ues of K
and L, using a weighted sum conprising first internedi ate val ues for
sub- pi xel s having co-ordinates with Kggqual to an even value and L equal to
zero and the val ues of sub-pixels having correspondi ng co-ordinates in

i mredi at el y adj acent rectangul ar bounded regions, to produce a second

i nternedi ate val ue, said second internediate val ue having a dynanic range

equal ta t dy rang of fy rst, internedjate values used in said
wei ght é%l”k&i? ?‘r%atlo gN foéié\/é‘l’t?e P Stlg’ -Pre! 8awnerce-pedinategewith e
vei ght sdgeth 2Masdi gl ghb®dosum  38. An interpol ator according to claim

34, conprising interpolating sub-pixel values for sub-pixels having
co-ordinates with even values of K and L, using a meighted sum conpri si ng
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i nter um multiplied by a val ue equal

to thg%?l??% ﬁ}a‘f Hﬁéé@%g%t%@%aﬁ go%wdseqﬂégdm?n said weighted sum 39. An

i nt erpol at or accor ding to claim 37 conprising truncating the second

i nter ngl ate v | ue bgé/ mat hemat i cal I di vi di ngﬂt he second internedi ate val ue

by a s@tf‘dﬁ rRRlRfY gorerdirg feataaﬂ%mrel@ és pelcawral fadi ng a val ue equal

to the sum of the respective weights used in said weighted sumof claim34

mul tiplied by the sumof the respective weights used in said weighted sum

of cl aibfh 3An inwdpolatoriatcerding &b olairad2 mdiengintM icseti equdBto Bonpri si ng

truncating the second internedi ate value by nmathematically dividing the

second internedi ate value by a second scale factor, said second scal e

fact or ghay fged b S in
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claim39 or 40, conprisi ng usi ng a truncated second internedi ate sub-pi xel
val ue {lifePixait éiﬁ%o?pl&l pixg! dosations beinga represpntable haaihegwai@aﬂymmmesthﬂ th
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havi ng. co-ordi nates with odd val ues of K and L, wherein when the chosen
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pi xel al [ uated at co-ordinates 1/2, 1/2, the
i nterpol a oréﬁﬁ \s‘] a alﬂ?é HE’F‘@O@ e@ a)af%hte@rltgl ative magni tudes of the f| rst and

second- wei galtﬂmpotabe laesum;we’sedalsdeﬁooa(mbkmﬁwhat\mg be-orginpestwivie ogtinailgdy - | i ne
di agonal Ptances of the nearest- nem?hbourl ng pi xel and the sub- pi xel
situated aP' E&NGrldi3rseding o a predetesmingd chpice ok ethera weiohied @veragg ek wit h
odd val uesif

i nt er pol at toHré \éég%%;&gla #%gﬁ?ﬁﬁh%ﬁ'@/ﬁ&bp?ﬁa tﬂﬁi(’@ﬁ% Z&rfq@ 3%1 éﬁjl)f@%étaatet ed to
use a firsat andardlrsaéea)ridZ vvé!?ghm enwehgehtael@\!mege wfethmgeaﬁfeeseﬁ d pair of

interpol ate_the sub-pixe| value,fpr a sub- ing co-ordipagtes with
odd val uesg'ggoRai‘ﬁapE gv%@WeISQQamgﬁ%wﬁ n@ﬁgggﬁt ‘f%ﬁe%\%Kaﬁ@ ks that
i nvol ving inBRidW? He%, @ftuateaamfm@fa (ﬂkeﬁﬁgﬁﬁbﬁ t}ﬁeqeee%gq ﬁ?%u%é@ré ﬁV{
co-ordinates w th even val ues of dL, theinte ator 1s to
sel ect thequadrant beingagalinedby tbe Ntepriei mvmgdccs@amnatasen/@hﬂgz tamdbtiqe

i nversely Héé’r%g ﬁé‘ﬁ“@%’%@&%b@‘% .respective straight-line diagonal distances

of the sub-piXxe d| nates with even values of Kand L to the

sub- pi xel inearpote eubrgikalaifgeydhs asigivel Héﬁmgfcdﬁo@ﬂﬂatbsmm@( ¥glisetd S
being interpolated, 44. An interpolator accor to claim42, wherein the

i nt er pol at @ even yalst anf L eayabzerorand &WD@@EFOHQVNRQC@I'Q@%@%Wﬁiﬁdéﬁquall ues
when t he t ale r di_nat es
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val ues of K and L whose value is being interpolat ed 45. An interpol ator
according to claim43, wherein the interpolator is adapted to use first and
second wei ghts with equal values when the sub-pixels having co-ordi nates
with even values of K and L are equidistant fromthe sub-pixel having
co-ordinates with odd values of K and L whose value is being interpol ated.



46. An interpolator according to claim 32, wherein the interpolator is
adapted to interpol ate sub-pi xel values for sub-pixels having co-ordinates
with even values of Kand L, used in interpolation of sub-pixel values for
t he sub-pi xel s having co-ordi nates w g odd values of K and L, using a

wei ghted sum of the val ues of sub-pixels having co-ordinates with K equal
to an even value and L equal to zero and the val ues of sub-pixels having
correspondi ng co-ordinates in imediately adjacent rectangul ar bounded
regi ons when the val ue of a sub-pixel having co-ordinates with K equal to
an even val@¥ingnee-ordigates wih é}dcgél@m@m@fe'(i%‘dal-sé‘smwwé@@d syms phthe

i nt er pol at ral '1151,%25 | LA &L, tor is adapted to
i nt er pol at gélst%%%gip?eﬁw\ll&a 6ée:dsﬁ1:‘ or su%dvg(?l){(iads% Fﬁgé?%@}e&%ﬁfﬁi nates with even
val ues -of ktanbldie subepixehvaloee fadudt-pixelsofiavsnd cpiordinatad with dven diges

sub- pi xel s havi ng, co-ordinates wi.th odd val ues of K.,and L, using a weighted
sum of ¢ he ORI AELor L B ER P Haloh g U5 Bhel KalLes i V1R SUHERRET R o
and L equalol@dmatdy @ith \GidUsaIa8d of R?aﬁtﬁ*,uﬁagfa SréBeRinihed Bﬁéﬁb@fbé gither
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correspondi ng co-ordinates In I mediate acent rectangu
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dd val d L | | ue is.al ired. 48. An .
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equal to an odd value 0 and L equal to an even value E, notl including zero
or 2", by feMPhg Qe weighigd sem phthe vdlues of shbfiixels hayingprocerdinateisrwgth

econd suboeaut! g Erh g 6 LT KPRl A% RafBYRY Sl

and L equahatingE. cd@espinding erdeobmiimateacanr dimrgetiiatsly ai #0jdéentwhps@nded he
interpolator is adapted to Interpolate a sub-pixel value for a sub-pixel
havi ng co- YUANSYIBEI&EIeMS-K equal to 1 and L equal to zero, by taking an
average of the value of a pixel having co-ordinates with K equal to zero
and L equal to zero, and a sub-pixel having co-ordinates with K equal to 2
and L é8ualA t stilzeintagebOendodarntempiisihgr aac ciatedpoiatdro for aisob3axelwhaa n t he

interpolator is adapted to interpolate a sub-pixel value fory a sub-pixel
havi ng EBIRYAIIM: B€ fHterp t@ﬁd?;ﬁ‘ gOaéa;_)ted1toar9%t@r_n@agayalyssZ&:,r@u@;pme&?,(i ng
an avesagsmcalwhiif 3tu@ngliaR RixRbd U dERAE ByNRLE SothdloieRIih 10 2"
and L equal to zero, and™a sub-pi xel having co-ordinates w equal to 2
- 2 anéhtermeediate poelseraiwe®b. tharcarnenrs; thod pixets and subipixels beticgpamaBg@ed wher ei n
[ i xel, val ue for
L

the interpol at dapted to inter pol at b-
Sub- pi 8#E napHn e AGrBRGF i oaiel (HAC” BBl o 1aCRRSL neiia FerrB5efipblen ng

an avehaaReRatidt) Withiethef redtdtgt®r BEMHJIRY @RicH dbinglRs M-blida8GHRhtidP zero
and L equal to 2", and a sub-pixel having co-ordinates with K equal to 2
and L alL./2o, B"and2. beingi pasiivsoirdegsrs dondngliregpaaive | iluess 2etwimr eero t he
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degree of sub-pixel value interpolation, the interpotator being adapted to:

- interpolate a sub-pixel value for a sub-pixel having co-ordinates with odd values
of K and L, according to a predetermined choice of either a weighted average of
the value of a nearest-neighbouring pixel and the value of the sub-pixel situated
at co-ordinates 1/2, 1/2, or a weighted average of the values of a pair of
diagonally-opposed sub-pixels having co-ordinates with even values of K and L,
including zero, situated within a quadrant of the rectangular bounded region, the
quadrant being defined by the sub-pixels having co-ordinates 1/2, 1/2 and the
nearest neighbouring pixel,

- interpolate sub-pixel values for sub-pixels having co-ordinates with K equal to

an even value and L equal zero and sub-pixels having co-ordinates with K equal



and L equal to 2", by taking an average of the value of a pixel having
co-ordinates 94 with K equal to 2N and L equal to 2N, and a sub- pi xel

havi ng co-ordinates with K equal to 2N - 2 and L equal to 2N. 53. An

i nterpolator according to claim32, wggerein the interpolator is adapted to
i nterpol ate sub-pi xel values for sub-pixels having co-ordinates with K
equal to an even value E, not including zero or 2N, and L equal to an odd
value 0, by taking an average of the value of a first sub-pixel having
co-ordinates with K equal to E and L equal to the even value 0 - 1 and a
second subiQPRE anl %Jaééo SPEVISAt Uy tﬁ&?dﬂ”é&@aﬂteﬁi@ﬁ'@@héf fhegsiah-pb@ls he
even val uey <y e t he
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havi ng co- Gahiielsa:tfwem tdmalécbmxuaahvstm&emlonmsdebpequ,tatmdl by taking an
average of .the ue of pi xel _having co-ordinates wwth K equal to zero
and L equal’nt?’@og? aVabJ?ﬁE)S fangyb- '%'é@fsﬁba"é‘aﬂ gPdrdingles Wt?%"ﬁné@}ﬁs to
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wherein the interpolator is adapted to interpolate a sub-pixel value or a

sub- pi xel ﬁ@VBW%ﬂ@rQOM@@gt% tif Knepgiatetyo =oljzeant L recjaaguiad Dounderd by

t aki ng an I i Vi 1 inates, with K,equal
to zero an @%%&IJ {A}e@]\#@sﬁﬁw §F %b&é’?% P%%"%ﬁ’&gg%& a?edé % ?H‘”TP equal
to zero ani gqaglaio rerc2Bind2. el td\ran el Pellvd @hdageoygiuBg ¢foseh- Plx@ls32,
wher ei n thﬁal nterpolator js adapted to interpolate a sub-pi xel ue for a

sub- pi xel R&YNHg eYTSIRANGANLSs carendinatequdn t'mrQEdléFQiY[eﬁﬂj%q:eftto L»cwndeﬂ by

t aki ng an val ue of a pixel having co-ordinates 95 with K
equal to Pé/&é@élﬁagée@% and a sub-pi xel having co-ordinates with K

equal to 2" and L equal to 2 - 2. 58 An interpolator according to claim

32, wherein the olator. is ad to_interpolate a sub-pixel value
f or th§5sﬁbV'6?9éiECﬁ§9F G5 0 R B alatoh T Sauaie] yahe DierpRiaion. Hiua o
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pi xel s that defi ne he ect angul ar d region. n 1 nterpo
accor drenjanguiat bound] regien eiefined ity feat cemmlputejs Aith BO intennédmw polelt or
i aim32, wherein N,is,s eo encoder

d
corpr | Bt dhaty 46 PhEi 2t st itk S e aftadars i s AnoLrimng.
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wi thin arectangu ar ounded reglon efined four corner plxels wth no
i nt er meaftaneulpi Relrderk fagien using tt@rfmeﬂsilnatﬁmqiak@h K/2hd./a! UbK gindell ebg ng

| th | d b- t b
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t he coinsgémgteateotiain onekard , rebfé’senttKﬁla@Cbém&ﬂbﬂ@e@@éé tdfvey - Bixégﬁ‘féﬁjehaw ng
respective val ues between zero and being a positive integer greater

than offéerpriptioaptesBitTPaAgter hrirg iagaptad @egr ee of sub-pi xel val ue
I nter pol at j.olyofRE o AEPRA| HIBE 18EL WoaHRRUELidPeo-ordinates with odd values

of Kand L, according to a predetermined choice of either a weighted average of
the value of a nearest-neighbouring pixel and the value of the sub-pixel situated
at co-ordinates 1/2, 1/2, or a weighted average of the values of a pair of
diagonally-opposed sub-pixels having co-ordinates with even values of K and L,
including zero, situated within a quadrant of the rectangular bounded region, the
quadrant being defined by the sub-pixel having co-ordinates 1/2, 1/2 and the

nearest neighbouring pixel;



i nterpol ate a sub-pixel value for a sub-pixel having co-ordinates wth odd
val ues of K and L, according to a predeterm ned choice of either a weighted
average of the value of a nearest-neighbouring pixel and the value of the
sub- pi xel situated at co-ordinates 1/g8g 1/2, or a weighted average of the
val ues of a pair of diagonally-opposed sub-pixels having co-ordinates with
even values of Kand L, including zero, situated within a quadrant of the
rectangul ar bounded regi on, the quadrant bei ng defined by the sub-pi xel
havi ng co- ordi n?t es 1/2, 1/2 and the nearest nei ghbouring pixel;

i nt er pol at SERYHERIP-RiEEL¥RIULS TO5 SHORIXALS Dani\g Horordnatedi Wb &S eppahta
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K and L, using weighted su of, the val of pixels located in ro and
col ums rez’fﬁé@gi %gfé'“ G “irVTﬁ'? é)rdﬁ'o'l’éyﬁs éﬂf}?pﬂn}ge{z Vﬁ’lnﬁe‘geﬁﬁie‘gﬁlﬂfr}ﬁ el

havi ng co- QadicBaf pixal Idtafitein reRlsUaif %Iut‘ﬁn_%ﬂ@sbect%ﬁﬁ dn@ the interpolation
of sub-pixel values for the sub-pixels having co-ordinates with odd val ues

of K and Lintegiokaje suprpivel wluwes i ssihopizelsdiaving herorainatssgivite cevenvabiies he

val ues of -Dnj I Wi .Go-ordinates with K .equal to an even.val ue and
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wei ghted sum of the val ues of sub-pixels having co-ordinates with K equal

to zero and Weighieal surp afihe vatiespiuupetsnkaving gesordinatem wiihie leguabia ng

correspondiLRg = i i i I dj oypded. a

regi ons. Géﬂ %\\9%][ |q{ E%.l?réa'g:g Len%c%%gﬁgcg%r%r ?éé‘?’njé’?egﬁ}éﬁ%‘%)se;bgoﬁ? éﬁ%iso?%g'h‘@{ pi xel
val ue i nt ecpuésporating t be-ordihatezoliat onmeeliatglyadaiiamht t eedlabquiat Neowalgdees for
sub- pi xel s situated within a rec{&ngul ar bounded regi on defined by four

corner pi xEYHORT tH e &d e @ enyaldes ohevwpbiels 8vipararePRiingtRe veikel s
and_sub- pi kekaudiionder®! BAIICS ) 8% B GBIYETA fh@evahéglogﬁ%l&f@#@bsm xel

| ocations being representable mathematically wthin the rect ounded
regi on usi hgvinge cwresmindaie mcotadirated/ 21, ir@ediatehandadjadeitngb@asldd ve

i nt egers havi nr?g rles’pecti ve val ues between zero and 2", N being a positive

i nteger gr SHRATOYIALIRINNS and representing a particul ar degree of sub-pi xel
val ue interpolation, the interpolator being adapted to: interpolate a
sub-pi xel val ue for a sub-pixel having co-ordinates with odd values of K
and L, S4cbattdiimpgeddecogies detrmrisingedn diferpaaior fei silepixe! weiughintedpalatioage of

h . - nei gh i i xel and th ¥ f. th - pi xel
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of Kand L, including zero, situatéd within a quadrant of the rectangul ar
boundeBe&sinothe ¢aieetpudig anelvandgulidiikeledeing arranget iprows andaalugns,

CO'OrdIHéatp%?el Thkd s]L(bZ—p&QPI I(B(thions being representable mathematically within the
rectangular bounded region using the co-ordinate notation K/2~, L/2", K and L being
positive integers having respective values between zero and 2V, N being a positive
integer greater than one and representing a particular degree of sub-pixel value
interpolation, the interpolator being adapted to:

- interpolate a sub-pixel value for a sub-pixel having co-ordinates with odd values
of Kand L, according to a predetermined choice of either a weighted average of
the value of a nearest-neighbouring pixel and the value of the sub-pixe! situated
at co-ordinates 1/2, 1/2, or a weighted average of the values of a pair of
diagonally-opposed sub-pixels having co-ordinates with even values of K and L,

including zero, situated within a quadrant of the rectangular bounded region, the



near est nei ghbouring pixel; interpol ate sub-pixel values for sub-pixels
havi ng co-ordinates wwth K equal to an even value and L equal zero and
sub- pi xel s having co-ordinates with K equal 97 to zero and L equal to an
even val ue, used in the interpolationg %f t he sub-pi xel s havi ng co-ordi nates
wi th odd values of K and L, using weighted suns of the val ues of pixels

| ocated in rows and colunms respectively; and interpol ate sub-pixel val ues
for sub-pixels having co-ordinates with even values of Kand L, used in the
interpol ati on of sub-pixel values for the sub-pixels haV|gE2co-ordinates

with odd vaHagsrdbaingeefined hyi g aubmmémdthaviiched-acibRtes 62, el/Erand the
wei ght ed SH%FéSfBQ@%%Léﬁgﬁ%I%LSUb pi xel s having co-ordinates with K equal

to an even valile a o zero and the val ues of sub-pixels having

cor r espondirtgrpetater slibipixes valnes fordubipitels ddiviigeos-orginbssgwltark lkouades
regions, or a weighted sumof the values of sub-pixels having co- ordlnates
with K equéf‘ QV(?nz‘@“dﬁ’ and Lequpigerq Bn%ﬁues&”ﬁﬁ %&ﬁM@QMOWtﬁal\’Yj@s &qual

sub- pi xel s¢h r i @y&g
bounded rect g%gﬂ %‘?Q ég oﬁ@ghér}%eﬁ%é\?u%eo eco gr'hco ?ﬁéﬁhﬁt%b%%{e&l at or
for sub-pi klamngad:merdtnﬁtespmitiataddnyatube of i empo L atiengbeemhtedi zptredof the

determ ne val ues for s els situated within ct angul ar bounded
Fogt on det VaugSEy PSR R Gelsgeshe deBhiate. pi xel s bet vieen
the cotner %teﬁﬂb@at@'%'-@x@f%@é@fd?@iﬁ} SixBR! ARy E@fw&maték %ﬁ%v@ﬂ%a‘?&’éyms
t he pi xel and sub-pi xel |ocations being representable mathematically wthi

the rect anghKaandabuumUmrtbgnmarpmaw ohsutepixef dhinas éomibeatibemxels having 2" K
and L bein ve ers havj respective val pyes .be en_zerq, and 2"
N'being a LT ngies Wil sBR a8t Rieh oM ARt RuNE FESKe SRetndl o
degree of aubelght@@i smldfqnemtaﬂrd%%faéumgpxetéﬁﬁawﬁ@%bpcsaha{a?és Rethng eadapied to:
i nterpol ate a sub-pi xel value for a sub-pixel having co-ordinates with odd

val ues of RNafiden valde ot rig adiah tor daex angi el et of osulepiXgds having ght ed

aver age of sti=n a t he
b orvel chitEsH ity oy PiRAIE n " ThERRMEl Slactly; FAtabidol hiinde | ne
val ues of gegiahs, @mfa diekgneadlsuyr opthesesussibf puhqinaaimmumg &ponfidhteatveth wi th
even values of K and L, |nclud|ng zero, situated within a quadrant  of the

rectanguIaK S%ﬁﬂd@ﬁz?%bﬁﬁﬁ L iaqeia @athﬁVe%éFW@Eéﬁﬂlﬂ@ﬁVﬁweﬁﬁé'@ﬂﬁpm

havi ng co- at ar;gst r| el

't er pol at B2eig. praarRending RRLUIRAESIRC o el bour?%ﬂk
equal to arecaegulsaleggoresnd L equal zero and sub-pi xel s haV|ng co-ordi nat es
with K equal to zero and L equal to an even value, used in the

i nterpol ation of the sub-pixels having co-ordinates with odd values of K
and L, Gﬁs'ﬂ%d’é%c%rﬁ |§H%f% hed Qﬁcé{@éruﬁéco‘?&ng'tfs i @?apeda 'lnB @QP

col ums respectively, i nt er pol at e sub- pi val ues tor su - pi xel's

havi ngaceerdingj ivatiaisn @3t h even val ues of K and L, used in the interpolation
of sub-pixel values for the sub-pixels having co-ordinates wth odd val ues
of Kand L, using a predeterm ned choice of either a weighted sumof the
val uesggf A%d@c&ﬁin@pﬁmg @%thm%PQ'é?%ﬁér WkdtdlhE@Uabin ez%rﬁdea/m ¥dgee and
L equal to zero and the Vvalues of sub-pixels having corresponding

co-or ddﬁa@@@awqrdmﬁd@ataémﬁfadj acent rectangul ar bounded regions, or a

wei ghted sum of the val ues of sub-pi xels having co-ordinates mnth K equal
to zero and L equal to an even value and the val ues of sub-pi xels having
cor r esppndiAngbre®mBlcatioas &srminal dormghiighglayvidsh anesdericoeafg e elamnai ar
regions. 64. A still image decoder conprising an interpolator for sub-pixel
val ue interpolation, the interpol ator being adapted to determ ne val ues for
sub- pi gl SASé&M%%ﬁ%a‘ﬁ'th té'rnfi‘m &%rﬂBHHih@ra Q@P[ﬁ‘i‘é@e @ﬁgb@& S&lr 3538 ¢ ﬁydé;%‘”
corner pixels wt nterne I at e pi x&l's be n e corners, € pl xels
and subzpi xel s belng arranged in rows and columms, the pixel and sub- pi xel
| ocati ons being representable nmathematically within the rectangul ar bounded
region using the co-ordinate notation K/ 2", L/2", K and L being positive

i ntege havd M8mi Ugsn ansk i itive
intege?ggrga%er Fﬁgﬁﬁgﬁgﬁgﬁyﬁ%%pre@giﬁgﬁgngéagﬁt|CJ%§§O§£g§t@gk@ﬂRﬁ§-pixe
val ue interpolation, the interpol ator being adapted to: interpolate a
sub- pi xel val ue for a sub-pixel having co-ordinates with odd val ues of K
and L, according to a predeterm ned choice of either a weighted average of
t he val ue of a nearest-nei ghbouring pixel and the val ue of the sub-pixel
situated at co-ordinates 1/2, 1/2, or a weighted average of the values of a
pai r of diagonally-opposed sub-pixels having co-ordinates with even val ues
of Kand L, including zero, situated within a quadrant of the rectangul ar
bounded region, the



99 quadrant being defined by the sub-pixel having co-ordinates 1/2, 1/2 and
t he nearest nei ghbouring pixel; interpolate sub-pixel values for sub-pixels
havi ng co-ordinates with K equal to an even value and L equal zero and
sub- pi xel s having co-ordinates with Kpgqual to zero and L equal to an even
val ue, used in the interpolation of the sub-pixels having co-ordinates with
odd values of K and L, using weighted suns of the values of pixels |ocated
in rows and col umms respectively; and interpol ate sub-pi xel values for
sub- pi xel s ,havi ng co-ordinates with even values of K and L, used in the

i nt er pdlat FoRCBMUNRRIGNREETTORRLEIMPHPINGHR SHIIENAS desonenaerprdBgdedilaim es
wth oggd values of K and L, using a predeterm ned choice of either a

wei ghted sum of the val ues of sub-pixels having co-ordinates with K equal
to an even value and L equal to zero and the val ues of sub-pixels having

correspqndi,ng co-ordi.hates i.n j mediately adjacent rectangylar bounded
r egi on?ﬁ‘ of® rRE]”@H%‘&”gE%“HPa{%@%@PQSQ%&V Aél?oqf?ﬁl%ﬁsséﬂéﬁg/?ﬂgw%[%'ﬂ Hat es
with Kc@ﬁﬂﬁdmib_ﬁtidr%@errﬂ%l#s§Q\H@ie§sote%jrﬁa\{en val ue and the val ues of

sub- pi xel s having correspondi ng co-ordinates in imedi ately adj acent
bounded rectangul ar regions. 65. A codec conprising a video encoder

di ' i decaod ing, t im.63. . 66.,A
codec. domprisPidbdtds &7 Skl S P e R RGP e N ePolbi P e acablid |
i mage teadermiaecosldes dot asup-pikBIs6Bituattd. whAhigo mt%:ggdlﬁrﬂ%obﬁﬂéa N@lgion

conprising a video encoder according to claim®61l. communi cat’i ons

t er mi nSETICRFBY; Bun Foaner PIEIS Wi e itsteediate op@ingetween shencomerssthe A
el AR hEAGRYr S ' ' | aim 63.
To0 7878 803 SiE-EAOR BRI B IR 8l AOBhs T ksl phicy i

accor diaugtibos deingrrépfesemtableAmatineraticalyi witlsinttae Meoringate Walini@adt kgaity one
ications termnal is a wirel ess

of clains 67 to 70, wherein the gp Qi : is S

Ler mi ndPiNg 15, CRoriingt: poralion Kidn [9ab- i 26H L 4Pig PRPEKBINtRGEsh havig

i nt er pRl HREVOS ag%g;e dgiepmi esndia =i xel j

within a regyg%u asr ou%ge%é?{r)egl 0?1 ’dgﬁé{ng%%bgoe{‘f%ar ﬁg%g%egl%g;{;?(ﬁhtsa}{\?éﬁ no

i nt er medd aeprasiexting copanieeiar degrem oheub-pixet eahiexeltarpatadiony thepirtelpsidier ng
arranged in rows and col umms, the pixel and sub-pixel |ocations being

repr esERTEEFESmat henatical Iy within the rectangul ar bounded region using
the co- or diipaligy et @NoKinferpolete'a s}ﬁbﬁﬂgei!-vﬁ’lﬁb”ﬂ)rpé’sétfﬂ—ﬁi‘ie! RLE@E’ 8oavi ng
respective val ues between zero and 2", being a positive I nteger “greater

t han one aftinaipeenithoddgalugmoef Kcahdil, degoating tto suprasieteiminad whoice of

i nterpol at}j he..i rpolator .conprjising: circyitry adapted to

i nt er pol at 8mgers%ﬁ%9@%ﬁ z—&ar%e Pgﬁ%ge@{ﬁ’ﬁ- i%(QFaFFﬁlf"l [ r@é’b’f’ggyﬂ’f‘:élsa% % odd
val ues of ValaBbflthe dEBYIIKINGUBRPRaPECIRIIRAISSNEY, ¢/2068 @@veﬁgﬁt@%véry@ ght ed
average of the value of a nearest-nei E/hbourl ng pixel and the value of the

sub- pi xel 8f theatvaliegt ot 8- pridiaiadiagonally-oppasedandb-@ixgds dlaving aoerdigatast t he

val ues of a.pai.f..of_ i |l Yi- op: - pi xel aving co-ordinates with
even val ue@itgfaé Jlgna\r’]acjgfg%?%laﬁﬁi Hg'@@‘?’ﬂ“gsgﬁ"ﬁasﬂf@ﬁ#{“’ﬁbﬁa M?%E?% ﬁ}e t he
rect angul aredtenmndedbo@gisdnedidre thy adsardntigingdemiédpy thy shbgi) braRing!
having co-ordinates 1/2, 1/2 and the nearest nei ghbouring pixel circuitry

adapt ed t oCORIEPBIgSate. ¥dans the nealpgReigbbowing PBXRBI s havi ng coor di nat es
wth K equalat [ U V4 n i S LN

co- ordi nat glgcq/lvl h Eéiegﬂa t;'gt%ééé]gtéérlsgﬂtﬁg%lug’%%teg g%rsg\gie)ﬁhgeg%ug%ﬁéego“l n the
i nt er pol at ominaiés whith IS eoupl sebs ehanivaguecano Ldiqua eerovaht sadchivals hewirgf K

22&;’15uf;&g«g\é@hggsg&tgﬂgseq%& ttoh (.37_e\r/c?l lalljﬂ(caisi_ quu%II )t(g lash la\cf)gr? tv%?ué,nusre%m% tahréd

interpolation of the sub-pixels having co-ordinates with odd values of K and L,

using weighted sums of the values of pixels located in rows and columns
respectively; and

- circuitry adapted to interpolate sub-pixel values for sub-pixels having co-

ordinates with even values of K and L, used in the interpolation of sub-pixel

values for the sub-pixels having co-ordinates with odd values of K and L, using



circuitry adapted to interpol ate sub-pi xel values for sub-pixels having co-
ordinates with even values of K and L, used in the interpol ation of
sub- pi xel val ues for the sub-pixels having co-ordinates with odd val ues of
Kand L, using 101 a predeterm ned cfzpgi ce of either a weighted sumof the
val ues of sub-pixels having co-ordinates with K equal to an even val ue and
L equal to zero and the val ues of sub-pixels having correspondi ng
co-ordinates in imed ately adjacent rectangul ar bounded regions, or a

wei ghted sum of the val ues of sub-pixels having co-ordinates with K equal

to zero an@ Presgteimined shobgenf ¢ihereaanaighiag samues the valuespoikelis-phals ng
corr espondi.ng. ¢0= or di. T [ I dj a

Cogi one. " 79RRg GRPRINARE Ml RTERITRE, L LARE A C KA Pl TRRL R

i nt er pol at valuestdfesubApiesBdizairay cheesratiiaptedriimates @rimrmedigtdly asgjdcent
sub-pixels situated wthin a rectangul ar bounded regi on defined by four
corner pi x&agylar hounded TRElNg: O A Mightes: SiwBnok vaugerd sebrpixgiscel s

and sub- pi |_R@s: n i lyu i d = pi xel

| ocati ons E‘g}’ﬁgb@eg%@%ﬁ?a eKn%HLLaZ\r{gtzlé(F:tg ﬁ?/ ng?ﬁ?lnﬁ)t eg{r%ﬂvgﬁl%u?rzdrj é(;unded
regi on usi nglughefcubepidéindtayimptatresporiing cb/ofdinkiesnith imrbediatplpadjdcent

i ntegers hgvi n& rescﬁecti ve val ues between zero and 4, the interpol ator

bei ng adapPH"{e SHPRIYBI AT sub- pi xel val ue for a sub-pixel having
co-ordinates with K and L equal to 1 or 3, according to a predeterm ned
choice of either a weighted average of the value of a nearest-nei ghbouring
pi xel diddAnHetevpdlaterddr ¢brrteyuiespliutieh ssibtpiseledive inderrolationathks ideepolaton, or
a wei ghted aver of .the values of ;a pajr..of di. nal | y-.opposed_sub-pi xel s
vt ng BB AHERIEE 40, IR Sl i BB s S8R Ry Barete 0l
quadr apbuffied Regibs defingd b3 fobpbmeed phetd afth HdiptstHRdliaBlpikes Betwedh ged by

t he sub-pi xel having co-ordinates 2/4, 2/4 and the nearest nei ghbouring

pi xel ; coinarerihel pixels amg-sibxpixelpdraing af@ngedun pews aadmalimgs cheopinelaides

with K |t - u ' ' - or di with
< cquariPaniel batBRt bel TesSn @y MEpRSARIL MR, §fe SR aE

sub- pi yelsdéewiegprc asmigdtheaicesordiridte Knatation. Kqual/4t & anar L beidgi pesitvgd ght ed
sunms of the val ues of pixels located in rows and colums respectively; and
i nt er p#tager sahaifg fﬁ%@@lc’“\’,%l\’ﬁ'é'eﬁ&e“ﬁ’ﬁ%” Z86 pstéi thﬁaW@fﬁol?éobp%!ﬂﬁﬁd@@Qd th K
and L ual to 2, used in the interpolation of sub-pixel values for the
sub- pi xel s having co-ordinates with K and L equal to 1 or 3, using a

pr edet er m imegerpolate ce sab-pidd Aradug ier assubepigbl hdviagnombdrdimstes akitte K ahdtlhe
sub- pi xel havi

valubs of SaBERal oF hin AR a0 s FoRGRIRICEREH e S RSBV REBIgT
b pixel Beyae ohe I B8 o FRRSRnehopulty SIE Anl e laliePr 1% 9000 e
val ues of pixe! pituatkd dtaeokogircdes @dphatidi ogaceeighttidnatersgé of ithersdiuas edfya
adj acent v Sgltr% %'ijalagaorna 39~%r;]3%%gecri %%l:g)pr}%éls having co-ordinates with K and L equal to
zero, 2 or 4, situated within a quadrant of the rectangular bounded region, the
quadrant being defined by the sub-pixel having co-ordinates 2/4, 2/4 and the
nearest neighbouring pixel,
- interpolate sub-pixel values for sub-pixels having co-ordinates with K equal to 2
and L equal zero and sub-pixels having co-ordinates with K equal to zero and L
equal to 2, used in the interpolation of the sub-pixeis having co-ordinates with K
and L equal to 1 or 3, using weighted sums of the values of pixels located in
rows and columns respectively; and
- interpolate a sub-pixel value for the sub-pixel having co-ordinates with K and L
equal to 2, used in the interpolation of sub-pixel values for the sub-pixels having

co-ordinates with K and L equal to 1 or 3, using a predetermined choice of



74. An interpolator for eighth resolution sub-pixel value interpolation,
the i nterpol ator being adapted to determ ne val ues for sub-pixels situated
wi thin a rectangul ar bounded regi on defined by four corner pixels with no
i ntermedi ate pixels between the cornefg®, the pixels and sub-pi xel s being
arranged in rows and columms, the pixel and sub-pixel |ocations being
representable mathematically wth the rectangul ar bounded region using the
co-ordinate notation K18, L/8, K and L being positive integers having
respective vslues bet ween zero and 8, the interpolator being adapted to:

i nt er pol at &'tHesaANVGERIed s ¢f the vales Af-the sub-Biseh haying corddnateswith th K
and L equalgqt,g : n 7 cey dj aypLe Lied e hol.ne of i & t her
a wei ghted (:}(S%vgrgltge%ofaﬁ]taﬁeL v%ﬁ”’ﬁée? gd%&%etgﬁgstt@%egghggﬁfn%%P%ﬁ akﬁg(yuﬁ]e

val ue of tkterreapomiirgl ceidrdimbbst an dorwdintebt exljdééht 4é@angulaa beighdced
average of the val ues of air of diagpnal|y-opposed sub-pixels having

co- or di nat é%g'W§'ho'kaa‘H8'gb?eé:g§Hm P ﬂ}eer"gﬁ‘azf’* ﬁ)e gBBTp"S?ISIE"?Vt‘&atC@bOWW% a
quadrant ofyithhg egGAIRROYERS ahauUNdafldl agi Phind Bfe YHAYABE sDBIYH :ﬁ@-fai by
the sub-pixel having co-ordinates 4/8, 4/8 and the nearest nei ghbouring

pi xel ; i nt 6PpERpeRAIB@bCRIONdINated ubs imorediatblypiadiheeriavéctigngoiaor bowadess wit h
K equal to %i 4Sor 6 and L equal zero and sub-pi xel s havi ng co-ordi nates
with K equég?g 'zero and L equal to 2, 4 or 6, used in the interpol ation of
t he sub-pi xel s having coordinates with Kand L equal to 1, 3, 5 or 7, using

wei ghted suns of the values of pixels |ocated in rows and col umms
respectfve A\, IRIRIPPIHQT Jor acighiiubresoetion apudixalr value pinterpslation nihe

co- or di it al 2 A PRI ' he..j r ion of
sub- pi kﬁgfpﬁ?t\ggsﬁ%l@ a:%@aed't gﬁg{-épidfg%g% ﬂ%vYéﬁ[deégofP gr%ﬁ)ﬁgi}ggs \%:tpﬁtteﬁ Eﬁtj&ﬁ aequal
to 1, Bectdngulaf bousded regipn eddihed oynfedir cdibr pikels Geitroho éhteheedrtevpien ed
sum of  t he va& ues of suﬁ- pi,’ﬁ%s aving co-ordinates with K equal to 2, 4 or
6 and Pegﬁ‘%ﬁ.ﬂ ReCoBrE. 4he PRA RO-Irels IRIng REIEEIRE VR AgWe GNdeciem@sng
co- or dighat I Dyl i I hACEeRL e HONS,«AT
e ght o S B T R B R R P B
to zer cedaogllaefpoahded regiod wsing thad o trelinatt uetatidn $UB- pidxe{ anbalviteing
correspondi ng .co-ordinates in i mediately adjacent rectangul ar bounded

g1 onBooys iR e i EeRRaLtLF Vel oy Sethess 4ade el S dbRuegrblgion pang

i nt er pakligbfiy taccording to claim 73 or 74. 76. A video decoder or still

i mage decoder conprising an interpolator according to claim73 or 74. 77.
A conmmuni citemesatea suhdlixeomiue $omyg subrpidebhaviogdm-oulinates IWith aged dncoder

accordi ng | ai 5 _Ac nicati.ons termpal c rising a, video
decoder orgg%'%llﬁorn%g%oaéggﬁ_@?r% airﬂﬁd? r@l'na‘?c{??l?%'.w Oofg')thﬁr@o 'Qbéﬂd
progr am f obvéidigerdPBl WAl f anhedBst-abigABoulife pRIMRHEhe AN BMIRE5NS-
adapted to determ ne val ues for sub-piXels situated within a rectangul ar

bounded r eBixehsiidtptied deyoimates éfthet/8ppialvecightied anerage of thelvaluesmbeel s

col umms, ¢ RE" g SEdonalV SeRoxRy 3Bkt PRl e o T AR AR LL 2ol 7

mat hermat i caddoy 204t Bi ot 8 hetuaesd aitgl aqubdrsted tﬁ@@éﬁ@nﬁﬁﬂaﬁ%ohh@e@@e?bﬂi nate

notation K/ 2N, L/2", K and L bei n% posi tive integers having respective
§

val ues bet tsetiuadiapt helng defingd hyithg sabprselthamng fe-wgdina Bef/& anththene and

representi HQafésPﬂéfgihSBbﬂﬁ g%rl.ee of sub-pi xel value interpolation, the
conput er program conpri SI% . Conputer program code for interpolating a

sub- pi xel innpeldte sub-xd-yalued fonaubnixas-harvignad-esdimatel vatldKvajuae o of K
and L, accgr di ng (58 ador edet erm ned .choi ce. of ) _
or 6 and L equal zero and sub-pixels having co-ordinates with K equal to zero
and L. equal to 2, 4 or 6, used in the interpolation of the sub-pixels having co-
ordinates with K and L equal to 1, 3, 5 or 7, using weighted sums of the values
of pixels located in rows and columns respectively; and
- interpolate sub-pixel values for sub-pixels having co-ordinates with K and L
equal to 2, 4 or 6, used in the interpolation of sub-pixel values for the sub-pixels

having co-ordinates with K and L equal to 1, 3, 5 or 7, using a predetermined



either a weighted average of the value of a nearest-neighbouring pixel and
the 104 value of the sub-pixel situated at co-ordinates 1/2, 1/2, or a

wei ght ed average of the values of a pair of diagonally-opposed sub-pixels
havi ng co-ordinates with even val ues gf3 K and L, including zero, situated
wi thin a quadrant of the rectangul ar bounded region, the quadrant being
defined by the sub-pixel having co-ordinates 1/2, 1/2 and the nearest

nei ghbouri ng pi xel; conputer program code for interpolating sub-pixel

val ues for sub- plxels havi co ordlnates with K equal to an even val ue and

L equal zelCBOKRPf sejm%.ax\@%%%wg Qfdb 6rvaiq@aféfss% Pwel% RaNiag cerdatesand L
equal to a V) i Vi ng
co- ordi nat &éﬁw@%ﬁwgg %2 ‘fé@g éo? LKQQU%HEGE usi ﬁH e Vg ue’égfrfssﬁn‘rtésbmg%féﬂa@: | ues
of pixel s Ilcovaspandingr omsaramdtllurrmsrrr%Wetyt |a®a(§entambtaogmiat eboymaegt am
code for interﬁolatln @ﬁ&a glxel aIu S foi SUbBF ﬁls_havin%jco or dj nat es
with even VEJ'HBES 962 ¥ q u'ﬁ’s%fd ienva[ s Phegk BUINGFCQRIMARE WL ues
for the sul physl ® Pevdl Ay ¢oeQlidlitBag, e oMd %nQQﬁeV\?AIH@sS onsuﬁ;ﬁf&s lhavitR] N9 @
predet erm ned choice of either a weighted sumof the val ues of sub-pixels
havi ng co- épteaRerRENG co-cdipgies ino immesiatalyy dAdjecentd rectaguiair t bourdest and
t he val ues b- pi xel s havi ng correspondi ng co-ordinates in imredi ately
adj acent 8%¥8ﬁ§u|ar bounded regions, or a weighted sum of the val ues of
sub- pi xel s having co-ordinates with K equal to zero and L equal to an even
val ue and the val ues of sub-pixels having correspondi ng co-ordinates in

i medi dbel fx WHPa@1edBbah B IMage angarar Corgrisng. amteRalRoneErRoithiat us
conpr|§| ﬂ&erpolator for sub-pixel value interpolation, the

i nt er po ator |ng adapted to determ ne val ues for sub-pixels situated
within a rectangul ar bounded region defined by four corner pixels with no
interngglate i Xe|ls betmeen the corners, the pixels _and sub-pixels being
arrangé8-i A Y' @dEbPUAHS MR GSCRERT SARIPSBINIAK KIteTRotHPT GREOTSIEP
represggﬁaQﬁgopﬁghenatlcalIy wi thin the rectangul ar bounded regi on using
the co-ordinate notation K/ 2", L/2", K and L being positive integers having
respecti ve val ues between zero and 2 N being a positive integer greater

than o and re rese tin tlcular degree of sub-pixe|.val ue

i r pdf at Posom B TeatoaR deftala) chEPE s BocSoal Sfiliiags pacedsr
sub- plégémﬂ a9m1a5sub pi xel having co-ordinates with odd val ues of K
and L, according to a predeterm ned choice of either a weighted average of
t he vaIue of a nearest-nei ghbouring pixel and the val ue of the sub-pixel
situat rdl tes 1/ 2, 2, or.a wei.ghted a era f the valyes of a
ai 1 of Ba BgGHANIGREEE ArEe! GRersaag b ospr il Ur UeE SFERISE Ues
of K aagcémnﬂgw@hygmmggzero situated within a quadrant of the rectangul ar
bounded regi on, the quadrant being defined by the sub-pixel having
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b) determ ning values for sub-pixels at 1/2" unit horizontal and 112" unit
vertical locations by interpolating the values using a wei ghted sum of

val ues for sub-pixels residing at 1/2" unit horizontal and unit vertical

| ocations, the weighted sum being calgul ated according to step (a); and c)
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91. A nethod of interpolating an imge, the inmage 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 residingsat unit vertical |ocations, to
generate val ues for sub-pixels at fractional horizontal and verti cal

| ocations, the nethod conprising: a) determning values for sub-pixels at
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uni t hie meHtasl cnBriging” vertical |ocation being interpolated. 110 95. An
i nterpol ator according to claim92, wherein the interpolator is configured
to interpolate values for sub-pixels at 112" unit horizontal and unit
vertical l|ocations, and values for sub-pixels at 112" horizontal and 112"
vertical locations by taking the average of the value of a first pixel or
sub- pi xel located at a vertical |ocation corresponding to that of the

sub- pi xel being interpolated and unit horizontal |ocation and the val ue of
a second p| er ~or sub- pi er Iocat ed at a vertl cal Iocatl on correspondl ng to
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96. An interpolator according to claim92, wherein the interpolator is
configured to interpolate values for sub-pixels at unit horizontal and 1/2"
unit vertical locations, and values for sub-pixels at 1/2" unit horizontal
and 1/2" unit vertical |ocations by tajg ng the average of the value of a
first pixel or sub-pixel |ocated at a horizontal |ocation corresponding to
that of the sub-pixel being interpolated and unit vertical |ocation and a

t he val ue of a second pixel or sub-pixel |ocated at a horizontal |ocation
corresponding to that of fhe sub-pixel being interpolated and 1/2" unit
verticad) ﬁ@@gm"aﬂg vajyes AT slePpEIsatdr 14c coMditnotizoniphiandoainitwyertisah t he
interp i ok i ; I.at emppol at: - P "
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i nterpol ator according to"any of clains claim92 to 101, a video encoder
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112 location being interpolated.

83. A method according to claim 82, wherein in a situation where the first and the
second sub-pixel or pixel are symmetrically located with respect to the particular sub-
pixel at 172V unit horizontal and 1/2N vertical location being interpolated, the first and

second weights have equal values.

84. A method according to claim 81, in which, when values for sub-pixels at 1/2N unit
horizontal and unit vertical locations and values for sub-pixels at 172" unit horizontal
and 1/2M" unit vertical locations are required, interpolating such values by taking the

average of the value of a first pixel or sub-pixel located at a vertical location



| ocations being defined according to 1/2x, where x is a positive integer
havi ng a maxi mum value N, the conputer program conprising: a) conputer
program code for interpolating values for sub-pixels at 1/2" unit

hori zontal and unit vertical |ocationg7 and unit horizontal and 1/2" unit
vertical |ocations using weighted suns of pixels residing at respective
unit horizontal and unit vertical |ocations; b) conputer program code for
i nterpol ati ng val ues for sub-pixels at 1/2" unit horizontal and 112" unit

vertical |ocations usin wei ght ed sum of val ues for sub-pixels residing
nt 1) 5ogescongng tobal Sufh B PhEEPEGU arBaaehARS Uien AR dacEURN bey ng
cal cul d C Lngs t ‘ndd ) oF oL m..goge ' ating
a val u?n?ortﬁ% %ﬂg%i galﬂréﬁogpp@%ﬁ (s)rt uat Egégﬂbg&% Z'ﬁ@u%i %’éﬁ%ﬂ Qgﬁ%“g?ﬂ and
1/ 2" umtrespendiogl tol hehtof dhe mibrgxel heinghintatpalatedgadot /2f'Heunibhodzardtah
first ?ub-gi xel or pixel situated at a 1/2" unit horizontal and

112Nve (chaé' I ocation and the val ue of a second sub- pi xel or pixel |ocated

at a 1/2"-P unit horizontal and 112" unit vertical |ocation, variables m
n, p and integer values in the range 1 to N such that the first

and se@éng\ Fgr?nkilbggmwr Pa gpxaaien &le in orhickdwWiieageriaes yowsth-pixgipeaitunib t he
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horizontal and 1/2V unit vertical locations are required, interpolating such values by
taking the average of the value of a first pixel or sub-pixel located at a horizontal
location corresponding to that of the sub-pixel being interpolated and unit vertical
location and the value of a second pixel or sub-pixel located at a horizontal location
corresponding to that of the sub-pixel being interpolated and 1/28" unit vertical

location.

86. A method according to claim 81, in which values for sub-pixels at 112N unit
horizontal and 1/2V unit vertical locations are interpolated by taking the average of
the value of a pixel located at a unit horizontal and unit vertical location and the value

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

87. A method according to claim 81, in which values for sub-pixels at 1/2N unit
horizontal and 1/2Y unit vertical locations are interpolated by taking the average of
the value of a sub-pixel located at a 172" unit horizontal and unit vertical location
and the value of a sub-pixel located at a unit horizontal and 1/2V" unit vertical

location.

88. A method according to claim 81, in which N is one of the integer values 2, 3, and
4

89. A method according to claim 81, in which in at least one of step a) and step b)
interpolating sub-pixel values using weighted sums invoives the calculation of
respective intermediate values for the sub-pixel values, said respective intermediate

values having a dynamic range greater than the specified dynamic range.
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90. A method according to claim 89, in which the intermediate value for a sub-pixel
having 1/2™" sub-pixel resolution is used in the interpolation of a sub-pixel value

having 1/2" sub-pixel resolution.

91. A method of interpolating an image, the 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, to generate values for sub-pixels at fractional
horizontal and vertical locations, the method comprising:

a) determining values for sub-pixels at half unit horizontal and unit vertical locations,
and unit horizontal and half unit vertical locations by interpolating the values using
weighted sums of pixels residing at respective unit horizontal and unit vertical
tocations;

b) determining values for sub-pixels at half unit horizontal and half unit vertical
locations by interpolating the values using a weighted sum of values for sub-pixels
residing at half unit horizontal and unit vertical locations calculated according to step
(a); and

¢) determining a value for a particular sub-pixel at quarter unit horizontal and gquarter
unit vertical location by interpolating the value by taking the average of at least one
pair of values, a first pair comprising the value of a sub-pixel located at a half unit
horizontal and unit vertical location, and the value of a diagonally opposed sub-pixel
located at a unit horizontal and half unit vertical location and a second pair
comprising the value of a pixel iocated at a unit horizontal and unit vertical location
and the value of a diagonally opposed sub-pixel located at a half unit horizontal and
half unit vertical location, the first and second pairs being alternative diagonals with

respect to the particular sub-pixel being interpolated.

92. An interpolator for sub-pixel value interpolation of an image, the 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, to generate values for
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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 configured to:

a) determine values for sub-pixels at 12" unit horizontal and unit vertical locations,
and unit horizontal and 1/2M" unit vertical locations by interpolating the values using
weighted sums of pixels residing at respective unit horizontal and unit vertical
locations:

b) determine values for sub-pixels at 1/2™" unit horizontal and 1/2%" unit vertical
locations by interpolating the value using a weighted sum of values for sub-pixels
residing at 1/2™" unit horizontal and unit vertical locations, the weighted sum being
calculated according to step (a); and

c) determine a value for a particular sub-pixel situated at a 1/2N unit horizontal and
172N unit vertical location by interpolating the value using 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 1/2MN* unit
horizontal and 1/2M% 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 particular sub-pixel at 1/2N unit horizontal and
172N vertical location.

93. An interpolator according to claim 92, wherein the interpolator is configured to
use a first and a second weight in the weighted average referred to in (c), the relative
magnitudes of the weights being proportional to the straight-line diagonal proximity of
the first and the second sub-pixel or pixel to the particular sub-pixel at 1/2V unit

horizontal and 1/2N vertical location being interpolated.

94. An interpolator according to claim 93, wherein the interpolator is configured to
use first and second weights with equal values in a situation where the first and the
second sub-pixel or pixel are symmetrically located with respect to the particular sub-

pixel at 1/2N unit horizontal and 1/2" vertical focation being interpolated.
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895. An interpolator according to claim 92, wherein the interpolator is configured to
interpolate values for sub-pixels at 1/2" unit horizontal and unit vertical locations, and
values for sub-pixels at 1/2V horizontal and 1/2"" vertical locations by taking the
average of the value of a first pixel or sub-pixel located at a vertical location
corresponding to that of the sub-pixel being interpolated and unit horizontal location
and the value of a second pixel or sub-pixel located at a vertical location
corresponding to that of the sub-pixel being interpolated and 1/2™" unit horizontal

location.

96. An interpolator according to claim 92, wherein the interpolator is configured to
interpolate values for sub-pixels at unit horizontal and 1/2" unit vertical locations, and
values for sub-pixels at 1/2"" unit horizontal and 1/2N unit vertical locations by taking
the average of the value of a first pixel or sub-pixel located at a horizontal focation
corresponding to that of the sub-pixel being interpolated and unit vertical location and
a the value of a second pixel or sub-pixel located at a horizontal location
corresponding to that of the sub-pixel being interpolated and 1/2N" unit vertical

location.

97. An interpolator according to claim 92, wherein the interpolator is configured to
interpolate values for sub-pixels at 1/2N unit horizontal and 1/2N unit vertical locations
by taking the average of the value of a pixel located at a unit horizontal and unit
vertical location and the value of a sub-pixel located at a 1/2™" unit horizontal and

172N unit vertical location.

98. An interpolator according to claim 92, wherein the interpolator is configured to
interpolate values for sub-pixels at 1/2" unit horizontal and 1/2™ unit vertical locations
by taking the average of the value of a sub-pixel located at a 1/2™" unit horizontal
and unit vertical location and the value of a sub-pixel located at a unit horizontal and

1/2M" unit vertical location,

99. An interpolator according to claim 92, wherein N is one of the integer values 2, 3,
and 4.
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100. An interpolator according to claim 92, wherein in at least one of step a) and step
b) the interpolator is configured to interpolate respective intermediate values for the
sub-pixel values, said respective intermediate values having a dynamic range greater

than the specified dynamic range.

101. An interpolator according to claim 100, wherein the interpolator is configured to
use the intermediate value for a sub-pixel having 172" sub-pixel resolution in the

interpolation of a sub-pixe! value having 1/2" sub-pixel resolution.

102. A video encoder comprising an interpolator according to any of claims 92 to
101.

103. A video decoder comprising an interpolator according to any of claims 92 to
101.

104. A still image encoder comprising an interpolator according to any of claims 92 io

claim 101,

105. A still image decoder comprising an interpolator according to any of claims 92 {o
101.

106. A communications terminal comprising an interpolator according to any of
claims claim 92 to 101, a video encoder according to claim 102, a video decoder
according to claim 103, a still image encoder according o claim 104 or a still image

decoder according to claim 105.

107. A computer program for interpolating an image, the 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, to generate values for sub-pixels at

fractional horizontal and vertical locations, the fractional horizontal and vertical
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locations being defined according to 1/2%, where x is a positive integer having a

maximum value N, the computer program comprising:

a)

b}

computer program code for interpolating values for sub-pixels at 12N unit
horizontal and unit vertical locations, and unit horizontal and 1/2™ unit vertical
locations using weighted sums of pixels residing at respective unit horizontal
and unit vertical locations;

computer program code for interpolating values for sub-pixels at 1/2M" unit
horizontal and 1/2%" unit vertical locations using a weighted sum of values for
sub-pixels residing at 1/2™" unit horizontal and unit vertical locations, the
weighted sum being calculated according to (a); and

computer program code for interpolating a value for a particular sub-pixel
situated at a 1/2™ unit horizontal and 1/2N unit vertical location using a weighted
average of the value of a first sub-pixel or pixel situated at a 1/2N™ 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 particular
sub-pixel at 1/2™ unit horizontal and 1/2" vertical location being interpolated.



